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-- 
EXECUTIVE SUMMARY 

The undersigned, an independent panel of recognized experts (hereinafter the 
Panel), qualified by scientific and/or medical training and relevant international experience 
to evaluate the safety of food and food ingredients, was requested by Mart& Biosciences 

Corporation to determine whether DHASCO@ and ARASCO@ oils (macronutrient oils 
produced by fermentation and containing docosahexaenoic acid @HA) or arachidonic 
acid (ARA)), using scientific procedures, are Generally Recognized as Safe (GRAS) for 
consumption by infants (birth to 1 year) and children (1-12 years) at dose levels up to 
2.5% each of total dietary fat. For infants, this dose is equivalent to 1.25% of dietary 
calories or about 150 mg of the oil/kg body wt/day. A comprehensive search of the 
scientific literature (published and unpublished) for information on the use and safety of 
ARASCO and DHASCO through October 15,1999 was conducted by Martek and was 
made available to the Panel. The Panel members independently and critii evaluated the 
materials submitted by Martek Biosciences Corporation and other materials deemed 
appropriate and conferred by telephone several times before preparation of this report. 

Earlier~safety concerns regarding growth of infants fed fish oil-supplemented 
formulas have been addressed. They appear to he associated with the eicosapentaenoic 

:-~acid(EPA)presentinthef%hoils. EPAleadstoadepre&onofARAandasxx%ed 
eicosanoid levels. In contrast, growth inhibition has never been observed when DHASCO, 
which does not contain EPA, was used as a dietary DHA source for i&ants. The growth 
delay seen in some fish oil-based formula studies can be avoided by adding an ARA source 
along with the DHA to infixtt formulas. Recent controlled studies indicate that preterm 
and term idhnts fed formulas fort&xl with both AlUSCO and DHASCO oils have better 
growthind.icesthan~tsfedunsupplementedformula. Otherpotent&afetyconcems 
associatedwithfisho~suchasincreasedbleeding~have~~beeolinkedtotheuse 
of DHA!JCO or ARAXO oils. 

The Panel first considered the importance ofDHA and ARA for infants and 
childrex~ After reviewing the literature regarding the efficacy of DHA and AM (&om any 
source) in idnt nutrition, the Panel unanimouslyagreesthat: 1)thereisadeficiencyinthe 
DHAandARAstatusininfantsfedfo~ulanotfortitiedwithDHAandARA;2)thatthis 
is reflected in a decreased blood and other tissue (e.g., brain) levels of DHA and ARA; 
and 3) that this deficiency contributes to the visual and neurological deficits observed in 
formula-fed compared with breast-fed infants. The link between these two long-chain 
polyunsaturated &ty acids and developmental outcome has been established by well- 
controlled clinical studies indicating that addition of DHA and ARA to the formula not 
only corrects the deficiency, but can also contribute to the elimination of these 
neurological deficits. 

This Panel also considered the opinion of other Expert Panels, associated with 
prestigious scientific and medical organizations, that convened over the last ten years to 
consider the question of whether to add DHA and ARA to infant formulas. The general 
consensus among the clBixent panels was that both of these fatty acids should be added to 
formulas at levels corresponding to those found in human breast milk. One panel from the 
Life Science Research Organization (LSRO) of the Amer&n Society for Nutritional 
Sciences, that reviewed the addition of long-&in fatty acids as part of an overall review 
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of the requirements for term (not preterm) infants formulas did not recommend that DHA 
and ARA be a required addition to term formulas at this time. However, they did 
recognize the importance of maintaining the DHA status of infants and suggested that 
supraphysiological levels of linolenic acid (a precursor to DHA) should be added to help 
improve the DHA status of the formula-fed infant. This LSRO Panel did not review 
several of the most recent studies, and recommended a re-evaluation of this issue in the 
near &true as new clinical study data emerge. Another LSRO panel is presently 
considering the DHA and ARA requirements for preterm infants. 

The chemical composition and manufacturing processes for both DHASCO and 
ARASCO oils were carefully reviewed by the Panel to ensure that oil quality meets 
standards for food production DHASCO oil is a triglyceride, produced by the alga 
Cryphecodinium cohnii, which contains 40% by weight of DHA (specifications given in 
section 6). ARASCO oil, also predominantly triglyceride, is produced by the fungus 
Mortierella akina and contains 40% by weight of ARA. In both cases, these oils contain 
DHA and ARA in triglyceride structures that are chemically equivalent to those~delivered 
to infknts from mother’s milk. Both oils also contain other common saturated and 
monounsaturated My acids. Minor nonsaponifiable Mans of the oils have been 
cllaracterized and containprimxilycholesterol-related sterols commonly found inother 
food sources: Both oils a~man~ by a controlled fmtation process, followed 
by oil extra&ion and purification using methods common to the vegetable oil industry. All 
ingredients used in the processing of the oils are either food grade, or of higher quality, 
ad the entire process meets current Good Man&$&ring FVactks for foods. All oils 
undergo rigorous analyG& and quality assura~ testing and meet well-defined product 
specifications prior to release. - 

Based on elevation of blood lipid levels following ingestion of either DHASCO or 
AFUSCO,bothoilsareabxukdina mannermnsistentwithotllerdietarytriglycerides. 
-The.DHAandARAare~~ed~~~~bodyandare~~atttrehighest 
levelsinbrain,retina,testes,andh&rt. DHAandARAcanbecatabolizedcompletelyto 
C02andH[20,butthecatabolicrateisslowerthanwithother~~stv~acids. Thisis 
necessary iu order to maint& DHA and ARA levels in the rapidly expand& neurological 
tissues of infknts and children In addition, ARA, but not DHA, serves as a precursor 
molecule to eicosanoids, and the omega-6 series of eicosanoids are well recognized as 
stimulators of immune function. Studies have shown that small amounts of DHA can be 
retroconverted to EPA in humans, although accumulation of EPA is negligible at doses of 
DHASCO used for infant supplementation. Although oxidation of these highly 
unsaturated fatty acids in blood or tissues has been raised as a potential concern studies 

.. have shown that DHA, in particular, activates antioxidant systems in the body and may 
actually protect against oxidation of polyunsaturated fatty acids. Animal and human 
studies have eonfirmed that supplementation with DHA and ARA protects, rather than 
accentuates oxidative damage. This is not inconsistent with the Ming that infants who 
receive breast milk (contain& DHA and ARA) are more protected corn Necrotking 
enterocolitis (NEC) than infbnts fed formulas without DHA and ARA. . 

A Large number of safety studies have been conducted using DHASCO and 
ARASCO oils, including acute, aubchronic, developmental and reproductive toxicology 
studies in rats and in vitro mutagenicity assays. AU studies were modeled after FDA 
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Redbook guidelines and conducted at GLP-compliant laboratories,. The study results were 
evaluated relative to well known effects of supplementation with high doses of 
polyunsaturated fatty acids (PUFAs) in order to distinguish betwelen PUFA-related effects 
and effects due to the sources themselves. None of the studies indicated that the oils were 
toxic, and the No Adverse Effect Levels (NOAELs) were determined to correspond to the 
highest doses tested. Modestly increased liver weights were noted, but this was not a 
consistant finding, nor was it accompanied by abnormal histology <or serum enzyme levels. 
Furthermore, the liver weight changes were no longer apparent when assessed relative to 
other organ weights (e.g. brain). These changes were, therefore, deemed not to be 
toxicological in nature as this is a well-known effect of the Long Chain PUFAs in 
mammals when administered at high dose levels, well above those intended for infants or 
children. All other concerns raised by previous reviews have been addressed in this 
document (Appendix 4). In addition, the crude biomasses containing the DHASCO or 
ARASCO have also been extensively tested and found to be nontoxigenic. 

Studies conducted in twelve difkrent animal species, including nonhuman 
primates, have provided a large base of experience and extensive toxicological data with 
DHASCO aud ARASCO oils (summarized in Appendix 1). None of the reports 
(publishedor unpublished) have suggested any toxicological or safety issues associated 

. . . with thewe ofthese oils. -At least-fourteenwell-controllecl clinical studies involving over 
1500 in.f&s have confinned that DHASCO and ARASCO increase circulating levels of 
DHA and ARA in preterm and term infants (summarized in Appendix 2). Significant 
improvements in growth, visual and mental acuity have also heen reported in infant groups 
supplemented with these oils and no adverse events have heen reported. In addition, 
twenty-nine separate, well-controlled clinkal intervention studies using DHASCO and/or 
ARASCO have been conducted on adults or children with no reported adverse effects of 
thetrea&x&( ’ xlinAppendix3). Twosuchstudieswithparticularemphasison 
safety and bloavaWihty were con&ted by the U.S. w of Agrkuke using 
high doses of either ARASCO (3 g/day) or DHASCO (15 g/day) with adult volunteers. 
The preclinid and clinical studies conducted with these oils fiuthm support their use as a 
safe dietary source of DHA and ARA 

.In additios these oils have now been in commercial use in infant formulas in over 
60 countries around the world (iludii the United Kingdom, France and Israel) at levels 
in accord with WHO/FAO guidelines for as long as three years with no reported adverse 
findings during that time. Over 40 million capsules have been sold as dietary supplements 
to an estimated 250,000 individuals, primarily in the United States, with no significant 
adverse events reported to the Company. The large numbers of individuals (intbnts 
through adults) who have consumed the DHASCO or ARASCO oils as commercial 
products or in clinical trials with no adverse effects provides additional support for the 
establishment of GRAS status for these products at use levels that can commonly be 
obtained in the diet. 
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Human breast milk is the “Gold Standard” for infant nutrition. In addition To 
other important nutrients, human breast-fed infants receive DHA- <and m-containing 
triglycerides from their mother’s milk. Based on this fact, the growing body of evidence 
demonstrating the importance of supplying infants with DHA and ARA, and after a 
critical evaluation and analysis of the safety and clinical information available on 
DHASCO and ARASCO as DHA- and &A-containing triglycerides, the undersigned 
Expert Panel has determined that these oils, derived corn the referenced algal and fungal 
sources, meeting food grade specifications and produced according to current Good 
Manufacturing Practices (cGMP; 2 1 CFR 182.1) to be Generally Recognized as Safe 
(GRAS) for use in supplementing the diets of infants and children up to 15 years of age at 
levels of 2.5% of dietary fat (1.25% of energy or up to 150 mg DHASCO (or ARASCO) 

ody weight per day). 

&f&s&, Phamacology and Toxicology 

FlammandAs&~ - 
Vero Beach, FL . 

Professor, Nutrition and Food Science 
University pf California, Davis, CA 

Adjunct Professor, Center for Food and Nutrition Policy 
Georgetown University, Washington, DC 
(former Director of linical Nutrition, CFSAN, FDA) 

David Kritchevsky, Ph.D. 
Professor, Wistar Institute 
Philadelphia, PA 

David Bechtel, Ph.D., DABT 
Senior Toxicologist 
CanTox US Inc, Bridgewater, NJ 

Date 
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1. INTRODUCTION 

An independent panel of recognized experts (hereinafter the Panel), qualified by 
scientific and/or medical training and relevant international experience to evaluate the 
safety of food and food ingredients, was requested to determine whether DHASCO@ and 
ARASCO@ oils (macronutrient oils produced by microbial fermentation and containing 
docosahexaenoic acid @HA) or arachidonic acid (AM)), using scientific procedures, are 
Generally Recognized as Safe (GRAS) for consumption by infants (birth to 1 year) and 
children (1-12 years) at dose levels up to 2.5% of total dietary fat. In an infant, this dose 
is equivalent to 1.25% of dietary calories or about 150 mg of the oil/kg body v&day. A 
comprehensive search of the scientific literature (published and unpublished) for 
information on the use and safety of ARASCO and DHASCO through October 151999 
was conducted by Martek Biosciences Corporation (Martek) and was made available to 
the Panel. Reprints, abstracts, laboratory data and other materials were also provided. 
The Panel members independently and critically evaluated the materials submitted by 
Martek and other materials deemed appropriate. The Panel conferred by telephone several 
times and also conferred with members of Martek Biosciences Corporation for issues 
requiring clarifi&ion before the preparation of this report, which inch&x a review of the 
peatbnt literature and recommendatons. 

2. THE IMPORTANCE OF DHA AND ARA IN INFANT NUTRITION 

Prior to asses&g the safety of the reference materials DHASCO and ARASCO 
oils, the Panel considered the importance ofdietary DHA and ARA fiomany source for 
i!lfasandchildre~ ThePanel unanimouslyagreesthatthereisabiicaldeficiency 
in~teceivingformulaswith~~p~~DHAandARA~~to~being 
fed their own mother’s milk - the gold standard for it&t nutrition This biochemical 
deficiency is refiected in abnormally low levels ofcirculating DHA and ARA inthe blood 
of unsupplemented formula-fed babies relative to breast-fed babies, and there is clinical 
evidence to suggest that there may be both short term and long term detrimental 
consequences as a result of this deficiency. 

2.1 DHASCO AND ARASCO ARE SUBSTANTIALLY EQUIVALENT TO 
DHA AND ARA TRIGLYCERIDES IN HUMAN MILK. From an evolutionary point of 
view, breast milk represents the optimal source of nutrition for the human inf&nt and it is 
often referred to as the “gold standard”. Infant formulas are also used as the sole source 
of nutrition for a human infant and should, therefore, be as nutritionally balanced as human 
milk. DHA and ARA are found in human milk in low, but significant quantities. The 
DHA and AM content of human milks from 65 published reports, around the world are 
given in Table 2.1-1. It is clear that the DHA content of human milk is quite variable 
ranging from 0.06% to 1.4% of total tit and has been shown to be dependent on the 
dietary DHA intake of the mother (165). Mothers with diets low in fish and other sources 
of DHA, but otherwise high in fat (e.g., a typical Western diet), have breast milk DHA 
levels on the low end of the range. Women firorn the irnited State% for example, have 
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among the lowest levels of DHA in their breast milk compared to worldwide averages 
(Figure 2.1-1). 

To determine the optimal level of DHA in breast milk we must consider the diets 
to which our species evolved. Such Paleolithic diets were thought ‘to contain much more 
DHA and much less total fat than the typical Western diet (32), and the DHA content of 
breast milk would therefore have been much higher than it is today. Thus, an estimated 
optimal level of DHA in the breast milk would likewise be much higher than it is in the 
United States today. 

Table 2.1-1 Breast milk DHA and ARA levels from women around the world. 

Fin&v, et aL (1985) 
Ham%, et aL (1984) 
Putnam, et aL (1982) 
van &r Westhuizen, et aL (1988) 
Sas, et aL (1986) 
Spear, et aL (1992) 
Sanders and Red@ (1992) 
hlaurage, et aL (1998) 
Auestad, et aL (199;3 
Spear, et aL (1992) 
OkoLska, et aL (1983) 
Dotson, et aL (1992) 
Jackson, et aL (1994) 
Haner, et a&! (1983) 
Carlson, et aL (1986) 
FrancoLF, et p1! (199s) 
van &r Westhuizen, et al. (1988) 
Innis, et aL (1994) 
Bitman, et aL (1983) 
Hendemon, et aL (1998) 
Dmry and Crawford (1990) 
iUakr&ies, et aL (1995) 
Makrides, et aL (1996) 
Koletzko, et aL (1988) 
Bitman, et al. (1983) 
Sanders, et aL (1978) 
Genzel-Boroviczeny, et al. (199 ;3 
Bitman, et al. (1983) 
Beijem and Schaafsma (1996) 
GenzeI-Boroviczeny, et al. (1997) 
Martin, et al. (1993) 
Camieiii, et al. (1998) 
Foreman-van Drongeien, et al. (1996) 
van Beusekom, et aL (1993) 
Muskiet, et aL (1987’) 
Specker, et aL (1987) 
Hall (19 79) 

(89) 0.06 
(114) 
(198) 
(235) 
(208) 
(221) 
(207) 
(171) 

(9) 
(221) 
(189) 
(80) 

(134) 
(115) 
W) 
(9-3 

(235) 
(132) 
(23) 

(1W 
(81) 

(163) 
(165) 
(147) 
(23) 
P5) 
(94) 
(23) 
WJ) 
(94) 

(170) 
(51) 
(91) 
(233) 
(181) 
(222) 
(111) 

Yu, et aL (1998) (257) 

0.29 
0.1 0.4 
0.1 0.6 
0.1 1 
0.1 0.5 
0.11 0.54 
0.14 0.32 
0.14 0.24 
0.15 0.48 
0.15 0.58 
0.15 1.56 
0.16 0.53 
0.16 0.56 
0.16 Of.39 
0.19 cl.59 
0.2 0.5 
0.2 0.6 
0.2 0.5 
0.21 0.58 
0.21 0.52 
0.21 0.6 
0.21 0.4 
0.21 0.41 
0.22 0.36 
0.23 0.6 
0.23 0.72 
0.23 0.45 
0.24 0.55 
0.24 0.31 
0.24 0.48 
0.24 0.36 
0.26 0.48 
0.26 0.52 
0.26 0.47 
0.27 0.6 
0.29 0.69 
0.29 0.19 
0.29 0.46 

USA 
USA 
USA 

s. Afiica 

HWarY 
USA 

~hlw~ 
FWCe 
USA 
USA 

Poland 
USA 
USA 

Gemany&UK 
USA 
USA 

s. Africa 
Canada 

USA 
USA 

Hw3ary 
Australia 
AUSMia 
Germany 

USA 

UK hl3w 
Germany 

USA 
Netherlands 

Germany 
FWKXZ 

Netherlands 
Nech~l~dS 
Netherlands 

Tanzania 
USA 
UK 
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Sanders and Red@ (1992) 
Jansson, et al. (1981) 
ViRacampa, et al. (1982) 
Chertan and Sim (1996) 
Clandinin, et al. (1997) 
Babin et al. (1999) 
Kaila, et al. (1999) 
Rueda, et al. (1998) 
Billeaud, et al. (1997) 
Chardigny, et al. (1995) 
Gibson, et al. (1981) 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 1 
0.31 
0.32 
0.32 
0.32 
0.32 

IJK 
(137) 
(240) 
(56) 
(61) 
(W 

(142) 
(202) 
(19) 
(55) 
(95) 

0.4 Sweden 
0.57 Spain 
0.4 Canada 
0.54 Canada 
0.5 France 
0.35 Finland 
0.52 Panama 
0.52 France 
0.5 France 
0.4 Australia 

FAO/WHO RJZCOMMENDATIONS 
FOR FTJLL TERM INFANT!3 

(84) 0.33l 0.65 

de la Press-Owens, et al. (1998) (71) 0.34 0.5 Spain 
Ggunleye, et ak? (1991) UW 0.34 0.56 Nigeria 
Beijers and Schaafima (1996) (16) 0.34 0.37 N&htTlandS 

lssFAL 1999 
RECOMMENDATlONS FOR FULL 
TERMlNFANTs 
Sandem and Red@ (1992) 
Guesnet, et aL (1993) 
Rueda, et aL (1998) 
Prentice, et aL (1989) 
Lnukkainen, et aL (1994) 
de Lncchi, et aL (1988) 
Jacobs, et al. (1996) 
van Beusekom, et aL (1993) 
Clandinin, et aL (1981) 
Innis, et al. (1988) 
Musk&t, et aL (198;3 
Horby Jorgcns(m, et aL (1996) 
Muskiet, et aL (198;3 
Lnukkainen, et al. (1995) 
Dnrry and Crawford (1990) 
Innis, et al. (1990) 
Ogunleye, et al. (1991) 
Fidler, et aL (1998) 
Rocquelin, et al. (1998) 
Boersma, et al. (1991) 
Sanders, et al. (19 78) 
Kneebone, et al. (1985) 
Kneebone, et aL (1985) 
Kneebone, et al. (1985) 
Koletzko, et aL (1991) 

(133) 0.35 0.50 

Innis, et al. (1988) 

(207) 0.37 0.35 UK 

(110) 0.37 0.45 France 

(202) 0.38 0.69 Spain 

(197) 0.39 0.31 The Gambia 

WI 0.39 0.37 Finland 

(72) 0.4 0.8 Spain 

035) 0.4 0.6 Netherlands 

(233) 0.4 0.5 Dominica 

(58) 0.4 0.5 Canada 

(126) 0.4 0.7 CtUlfU& 

(181) 0.41 0.56 Surinam 

(124) 0.43 0.47 Sweden 

ww 0.43 0.71 curacao 

(162) 0.48 0.54 Finland 

(81) 0.49 0.57 Thailand 

(130) 0.5 0.8 Canada 

(188) 0.53 0.36 Japan 

(87) 0.55 0.77 Germany 

cw 0.55 0.44 Congo 
(25) 0.56 0.58 St. Lucia 

(2W 0.59 0.54 UK 

uw 0.71 0.64 Malaysia 

(25) 0.9 0.47 Malaysia 

(25) 0.9 0.57 Malaysia 

(149) 0.93 0.82 Nigeria 
(126) 1.4 Canada 

’ Fatty acid recommendations given in mgIkg body weight and were converted to weight % fat assuming 
that term infants consume 110 k&kg body wt/day and that 50% of calories in formula are from fat. 
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WHO/FAU, ISSFAL recommendation 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*.............. .* 

Figure 2.1-l. DHA content (% of total milk fat) from the 65 separate references in 
Table 2.1-1 arranged in ascending order. US values are given in red (stars). 

DHA and ARA are found in both triglycerides and phospltolipids in human milk. 
However, breast milk f&t is primarily triglyceride (ca. 98%), with ‘only about 1% 
phospholipid, and 1% nonsaponifiable fats such as cholesterol and phytosterols (141). 
The DHA level in the phospholipid tiaction of breast milk is generally higher than in the 
triglyceride fkaction (1.4% vs. 0.2% respectively) (141) but, because there is much more 
triglyceride, the vast majority of the DHA being delivered to the infant from breast milk is 
in the triglyceride form, rather than the phospholipid form. Even though the bulk 
triglyceride may be onJy 0.2% DHA, the lowest DHA content of ra triglyceride molecule 
would be 33% (i.e., one DHA per three fatty acids on the triglyceride). This DHA 
molecule may be on the outside position of the triglyceride (sn-1 or sn-3) or on the inside 
position (sn-2) (see Figure 2.1-2). If it is on the sn- 1 or sn-3 position, it will be cleaved by 
the inknt’s pancreatic lipases and enter the gut wall as a free fatty acid. If it is on the sn-2 
position, it is efficiently absorbed as the sn-2 monoglyceride. 

The DHASCO oil contains about 40-50% DHA by weigh.t. Therefore, the most 
abundant triglyceride structure also has only a singIe DHA per triglyceride. However, 
there is also a possibii of two DHA molecules on some triglycerides in DHASCO 
(Figure 2.1-2). Even if that is the case, however, the DHA will still be absorbed either as 
the free fatty acid or as the monoglyceride (in a fashion identical to that of the DHA- 
triglyceride f.+om mother’s milk) afler processing by the baby’s lipase in the gut. This same 
discussion must also be considered when comparing equivalence of the ARA in ARASCO 
to the AM in the AM-triglycerides from mother’s milk (Figure 2.1-2). 
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ir 
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Figure 2.1-2. Triglyceride structures in human breast milk anid DHASCO and 
ARASCO prior to cleavage in the gut of an infant by lipaws. 

Over the past twenty years, there have been a large number of retrospective studies 
comparing the neurological outcomes of breast-fed and formula-fed infants. A recent 
n-&a-analysis of the most relevant of these studies has indicated that there is a consistent 
3-4 IQ point advantage to the breast-fed infants even after the contributions of all other 
recognized confounding factors had been removed (5). A summary of the data from this 
paper indicates a consistency across the studies in the meta-analysis (Figure 2.1-3a) as 
well as a dose response in terms of duration of breast feeding (Figure 2.1-3b). This latter 
observation specikaIly implicates some factor in the source of nutrition as being a 
causative agent for the improved intelligence scores later in life. Several researchers have 
speculated that LC-PUFAs, or specifically DHA, may be that factor (6,125). Breast-fed 
babies, however, are getting many nutrients from the breast milk besides DHA and ARA, 
and one can argue that, based on these data alone, the specific contribution of DHA and 
ARA to improved long term IQ is inconclusive. One observation, however, is very clear 
and consistent: infants who are provided standard infant formulas (i.e., without 
supplemental DHA and ARA) have significant deviations in their blood and brain 
biochemistry relative to breast-fed babies. 
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Figure 2.1-3. Me&analysis of a group of studies comparing th’e neurological 
outcome of breast-fed vs. formula-fed infants. (a) differences in IQ of children 
who were breast-fed as babies vs. a form&-fed group after the contributions of 
various influential covariates have been removed; and (b) the effect of duration 
of breast-feeding on the IQ difference between breast-fed and formula-fed 
infants. Data is from Anderson et al (6) 

2.2 BIOCHEMICAL OUTCOMES. Preterm and full term infants fed standard, 
unsupplemented formulas have a circulating DHA and ARA status (as indicated by red 
blood cell or plasma phospholipid levels of these fatty acids) about one-half that of breast- 
fed infants (3,22,24,40,50,60,61,91,96, 109, 121, 123, 128, 145, 148, 163, 171). 
Furthermore, the brain DHA levels of formula-fed infants are about one-third lower than 
those of breast-fed infants (85, 164). Table 2.2-l lists 32 controlled clinical studies 
involving over 2,600 infants (over 1,300 received the LC-PUFA-supplemented formulas) 
performed over the last 15 years (17 studies with term infants and 15 studies with pre- 
term infants). Each study compared outcomes of standard formuh-fed infants with DHA- 
supplemented formula-fed infants and, in most instances, also with breast-fed infants. In 
every study reporting blood fatty acids levels, the DHA status of the infants was returned 
to normal (as defined by the DHA status of breast-fed infants) when the formulas were 
supplemented with DHA. In all of these studies, the ARA levels were also normalized 
when supplemental AM was used in the formulas as well. Of all the trials completed with 
DHA/ARA supplementation in Table 2.1- 1, more infants have received DHASCO or 
ARASCO (573 infants) than other sources of DHA and ARA (378 received egg yolk and 
417 received various fish oils). 



GRAS Panel Evaluation of DHASCO and ARASCO Page 13 

Since it can be argued that these changes in the blood and brain biochemistry in the 
formula-fed infant may not be important, it is crucial to more fiJIy understand the t%nction 
of DHA in the tissues of the body. Recent studies have revealed that DHA has many 
critical tunctions in the normal development and metabolism of neuronal cells. These 
include, but are not limited to: 1) the control of normal migration of neurons from the 
surface of the ventricles of the brain to the cortical plate during brain development (253); 
2) the control of the normal resting potential of the neurons and cardiac cells by regulation 
of sodium and calcium channels (252); 3) the regulation of the packing density of certain 
membrane proteins such as rhodopsin in the retina (229); and, 4) the regulation of levels of 
certain adrenergeneric and serotonergic neurotransmitters (74, 119). With such key roles 
in normal neuronal development and function, it is quite plausible that abnormally low 
levels of this primary nutrient, DHA, during the development of the brain, could lead to 
the long term neurological deficits observed in formula-fed in&nts relative to breast-fed 
infhnts (125, 160). 

In many of the clinical trials listed in Table 2.2- 1, the study protocols involved 
using the supplemented formulas only for the East 30-120 days before switching back to 
routine formulas. Interestingly, blood lipid IISSSSX~~.S at one year ofage have shown 
that the babies who had the DHMARA supplemented formulas maintained their high 
DHA status in spite ofmanymonths on unsupplemented formulas in a fashion similar to 
the breast hi babies. It has also mcently been shown that children with attention deficit 
hyperactivity disorder (ADHD) also have a low DHA status relative to a pair-matched 
normal cohort, even though there were no differences in diet (227). The authors also 
demonstrated a sign&ant correlationbetweenfbrmula f&ding and the low DHA status at 
8-12 years of age (and formula feeding and ADm). ‘&zx data collectively suggest that 
a%tritionalprogmmn$ng~ event is taking place during the first few months of life, 
wherein the absence of DHA during this crucial period, programs a low DHA status to the 
idiVidUall~~~tOfbllOW. 

2.3 VISUAL OUTCOMES. Of the 32 DHA/ARA supplementation studies shown 
inTable2.1-1,thirteenanalyzdvisualoutcomes(e.g., visualacuityasmeasur&byvisual 
evoked potential or Teller Acuity Cards) as a primary endpoint. Mine of these studies 
included a breast-fed infant control group (9,40,41,67,68,96, 112, 12 1, 123, 163,166). 
In every study that reported a difference in visual acuity between breast-fed and formula- 
fed infants (22,40, 12 1, 163) (i.e., where the babies fed standard formula had a visual 
deficit compared to breast-fed babies -- the gold standard), this deficit was overcome by 

I adding DHNAIU to the ir&mt. formula. That is, the in&nt groups receiving DHNARA- 
supplemented formulas where DHA and ARA were provided at the same levels as found 
in breast milk did not display this deficit, and they had signi6cantly improved visual 
responses compared to babies from the unsupplemented formula-f4 group. The 
magnitude of the visual improvement in one study of term infants supplemented with 
DHASCO and ARASCO was equivalent to “one line on an eye chart” a& one-year (22). 
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Table 2.2-l Thirty-two infant clinical intervention trials’ with DHA/ARA- 
supplemented formulas provided by egg yolk, fish oil, or DHA;SCO/ARASCO single 
cell oils (SW), 

PretAStudt?s 
Koletzko (1989) 
Clandinin (1992) 
Hoffman (1993) 
Carlson (1993) 
Carnielli (I 994) 
Foreman (I 996) 
Boehm (I 996, 
Carlson (I 996) 
Koletzko (1996) 
Hansen (1997) 
CIandinin (I 99 7) 
Vanderhoaf (199 7) 
Camielli (I 998) 
Carlson (1998) 
Ryan (I 999) 

TrrmStudies 
Kohn (1994) 
Agostoni (1995) 
Decsi (1995) 
Makridks (1995) 

Carlson (1996) 
Innis (199a) 
Koletzka (1996) 
Gibson (1997) 
Auestad (1997) 
Gibson (1997) 

Bellu (1997) 
Willatts (I 998) 
Birch (1998) 
Horby (1998) 
Maurage (1998) 
Carlson (I 999) 

(148) 
(59) 

(121) 
(48,246) 

(50) 
(91) 
(24) 

(46949) 
(67) 

(112) 
(61) 
(237) 
(51) 
(43) 
(203) 

(145) 
(293) 
(73) 
(16% 

z 
(128) 
(68) 
(96) 

(9,212) 
(96) 
(17) 
(248) 
(22) 
(123) 
(171) 
(41) 

es 
fish 
fish 
fish 
SC0 
SC0 

tgg 
fish 

es 
SC0 
SC0 

SCO/egg 

fish 

29 8 
32 12 
51 28 
67 33 
16 5 
43 15 
41 12 
59 26 
57 18 
284 113 
91 48 
287 60 
77 38 
119 34 
63 31 

=s w n-t& 
a 86 27 

=&% 22 12 
fish 55 12 

egg 
fish 

egg 
X0 

egg 
fish 

es 
es 
SC0 
fish 
fish 

fisll/SCO 

58 19 
131 68 
53 32 
113 4s 
197 89 

67 40 

123 60 
44 21 
108 4s 
56 26 
83 47 
33s 223 

not tested 
not tested 

Yes 
yes 

not tested 
nottested 
not tested 

yes 
no difference 
no diffm 

not tested 
nottested 
not tested 
not tested 
nottested 

not tested 
n&tested 
not tested 

m 

yes 
IKlttested 

no difference 
not tested 

no difference 
no difference 

not tested 
not tested 

Y- 
no difference 

not tested 
no difference 

Neuroltical 

not tested 
not tested 
not tested 

Ye 
not tested 
nottested 
not tested 

Y- 
Y- 

nottested 
nottested 
not tested 
not tested 
not tested 
nottested 

nottested 

yes 
not tested 
nottested 

not tested 
nottested 

yes 
nottestd 

no difference 

not tested 

not tested 

Y* 
YH’ 

not tested 
not tested 

no differemx 
Makrides (1999) (167) Fish/egg 144 55 YeS YeS not tested not tested 

SCO, single cell oil (in all cases DHASCO and ARASCO were added together); n.g.,not given. 

*Trials that have been published as full manuscripts or abstracts. 
3 Total number of infants enrolled in the study. 
4 The results of the cognitive portion of the study are unpublished, but were presented at the a 
ISSFALN’IH workshop in Washington D.C. in April, 1999 and are in press (ref. 21). 
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Two additional studies (in which there was no breast milk control) showed 
improved visual acuity in infants fed DHA-supplemented formulas compared to infants fed 
standard formula. In most of the studies the formula-fed infants eventually “caught up” 
with the breast-fed infants when the cruder measures of visual acuity were used. 
However, differences were still evident even afler three years of age when finer measures 
of visual perception, such as stereo acuity were used (20). Among the remaining studies, 
no statistically significant differences were found between formula-fed and breast-fed 
babies using the test metrics employed and, therefore, no effect of DI-WARA 
supplementation was observed. A closer look at the experimental design in the studies not 
showing an improvement in the DHA/ARA supplementation group may at least in part 
explain the lack of statistically sign&ant effects of DHA/ARA supplementation For 
example, in one of the cases (9), only a small amount of DHA was used in the 
supplementation (less than one third the level of the typical recommendations outlined in 
section 2.8 below), and the breast milk DHA content of the nursing mothers was 
remarkably low compared to worldwide norms (see Table 2.1-1 and Figure 2. l-l). In 
another case (112), the period of supplementation was short (average one month - during 
hospital stay of the pfeterm i&nt). In the other caseq the sample size may simply have 
beentoo~thevariabilitytoolarge,orthetest~cnotsensjtiveenoughtoidentifjr 
any signiiicant diffkrences between groups. This is particularly obvious in Horby- 
Jorgensen et al. (123) where there was a clear trend to improved visual acuity, but the 
ciifhme did not reach statistical sign&me with the small sample size. 

2.4 NEUROLOGK!AL OUTCOMES. Ofthe 32 DHA/ARA supplementation 
studies shown in Table 2.2-1, nine reported neurological outcomes (e.g., tests for visual 

~~memoryand~~problem~~or~deve~p~~testslikethe 
Bayley Scales of Mutt Development) as a primary endpoint. Six of those nine reported 
~~sigaificantimprovementsinneurologicaVcogoout~~mesininfantsfed 
formulas supplemented with DHA or DHA/ARA compared to in&&s fed standard 
formula. As with visual outcomes, in every study detecting a deficit in standard formla- 
fed i.&-uhts canpared to breast-fed infants, the de&it was overcome by including 
DHA/AFU in the infant formula, and the babies receiving the DHA/ARA-supplemented 
formulas performed significantly better than the infants receiving standard formula. One 
of the studies (9,212) which did not show a statistically significant difference in 
neurological outcome between formula-fed (supplemented or unsupplemented) and breast- 
fed babies, as mentioned above, had only a very low level of DHA available to the babies 
either in the supplemented formulas or in the breast milk of the nursing mothers, and 
consequently, no difference was detected between any of the groups. One other study 
(41) showed a clear trend towards improved Bayley scores in the DHMARA 
supplemented infants, but the difErence did not reach statist&l significance at @.OS. 
New data on neurological assessments in the study by Birch and colleagues (22) was 
recently presented at a workshop in Washington DC. (217) and is included in Table 2.2-l. 
Tbesedata(21)indicatedthatatthe 18-monthassemmt oftilesebabie!$theit&ntsfed 
standard formula exhiied a statistkally significant seven-point deficit in developmental 
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quotient on the Bayley Mental Development Index assessment relative to infants fed 
DHASCOIARASCO-supplemented formulas. Once again, the standard formulas were 
shown to result in a neurological deficit that was overcome by the addition of DHASCO 
and ARASCO. 

2.5 BEHAVIORAL, OUTCOMES. Longer term neurological or behavioral 
outcomes have not been measured in controlled, randomized trials with DHA/ARA 
supplemented vs. unsupplemented formula-fed babies. However, there have been several 
studies looking at the long term outcomes of infants who were breast-fed (thereby 
receiving nutritional DHA and ABA early in life) compared to tho,se who were formula- 
fed (deficient in DHA and ARA early in life). Laming et. al. (155) have demonstrated that 
after 9 years, there was a significa.ntly higher frequency of minor neurological dysfunction 
in children who were formula-fed compared to those who were breast-fed. Similarly, 
Stevens et. al. (227) demonstrated that formula-fed infants had a significantly higher risk 
of developing attention deficit hyperactivity disorder (ADHD) by 6-12 years of age. 
Indeed, those children who displayed the greatest degree of ADHD also had the lowest 
DHA status as measured by circulating levels of DHA. 

-+ *Additional studies with non-human primates fktber support the role of DHA and 
ARA in infhnt development. Baby monkeys that were fed an infant formula witbout 
supplemental DHA and ARA performed more poorly on various motor skill and visual 
orientation tests compared to babies who were fed a formula supplemented with 
DHASCO and ARASCO (54). Jensen et. ~2. (140) have also recently reported an 
improvement in the motor development (Gesell Gross Motor Developrmznt Quotients) in 
humanMmtswhowerebreast-fedbymothersrec&ingDHASCOasadietary 
supplement (this signika@ elevates the D&A levels in their breast milk), compared to 
i&ntswbowerebreast-fedbymotkrsre&vingaplacebo. 

2.6 GRON’THMORRIDITY/MORTALJ~ OUTCOWS. A recent study by 
Diersen-Schade et. al. (77) demonstrated that DHASCO and ARASCO-fortified preterm 
infhnt formulas enhanced the growth of preterm infants compared lto standarh 

unsupplemented preterm formulas (Figure 2.5-l). Not only was the growth rate 
enhanced, but by 57 weeks postmenstrual age, the DHASCO/ARASCO-supplemented 
formula fed preterm infants also attained a weight comparable to a human milk-fed Ml 
term infant. Another study with term infants fed DHNARA-supplemented formula 
similarly~found improved growth in the-supplemented infbnts compared to the standard 
formula controls (41). 

To the best of our knowledge, only one study has investigated the effect of 
DHA/ARA supplemented formulas on one of the most serious issues of morbidity and 
mortality a.iEcting preterm infants. Carlson et. al. (42) recently rqprted that there was a 
highly signikant 83% reduction in the inciience of necrotizing enterocolitis (NTX) in. 
preterm infants who were fed formulas supplemented with DIWARA (using egg yolk 
lipids)eomparedtothosereceivingstam@dpretermforrnuk Preterrnin&ntswbo 
receive breast milk also have a significantly lower incidence 0fNEC compared to formula- 
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fed infants. In other words, preterm infants who are receiving any fo,rm of enteral 
nutrition that does not contain DHA and ARA (ie., all formulas in the U.S. today) are at a 
much higher risk for NEC than otherwise. These data were consistent with an animal (rat) 
model of NEC established by Caplan and colleagues (38). In this case, animals 
supplemented with DHASCO and ARASCO in a dietary formula exhibited a similar 
significant reduction of NEC when stressed compared to pair matched animals receiving a 
standard formulation. 

Growth Rate (g/d) Weight at 57 wk PCA 
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Figure 2.5-l. Growth rates and attained weights at 57 weeks postconceptual age 
(PCA) of preterm infants fed formulas enriched with DHASCO alone, or a 
combination of DHASCO and ARASCO. The attained weight of a full term 
infant fed human milk is shown for comparison. Data redrawn from Hansen et 
al (112). 

2.7 CHRONIC LONG-TERM OUTCOMES. Infants who are breast-fed have 
been shown to have higher DHA levels in red muscle compared to infants who are 
formula-fed (12). The breast-fed infants also had a lower tasting glucose level compared 
to formula-fed infants, and a correlation between higher skeletal muscle DHA and lower 
fasting glucose was established by these researchers. This correlation was also present 
within the normal variability of skeletal DHA levels in the formula-fed group alone. This 
recent observation is particularly relevant because skeletal muscle is the major site of 
insulin-mediated glucose uptake in the body, and insulin resistance (indicated by high 
tasting glucose levels) is associated with such diseases as non-insulin dependent diabetes 
mellitus, obesity, dyslipidemia, hypertension and heart disease. Consistent with this 
finding was a recent report that breast-fed infants have a significantly lower risk of obesity 
later in He (risk odds ratio 0.75) than formula-fed infants (82,243). 

Schizophrenia may in some cases be a neurodevelopmental disorder and in a recent 
study by McCreadie (172), mothers of 45 schizophrenic patients in Nithsdale, southwest 
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-.. Scotland, were asked to complete a questionnaire about whether or not their offspring had 
been breast-fed. Those patients who had not been breast-fed had significantly more 
schizoid and schizotypal personality traits in childhood and a poorer social adjustment than 
their sibs. Breast-fed patients did not differ from their sibs. The author then concluded 
that since fewer patients than normal were breast-fed, the lack of breast milk may be a risk 
factor in the neurodevelopmental form of schizophrenia. 

Finally, a new retrospective study looking at 2,200 children with either acute 
lymphoblastic or acute myeloid leukemia in comparison to 2,418 pair-matched controls, 
concluded that breastfeeding was associated with a highly significant 2 1% reduction in the 
risk of acute childhood leukemias (183). Furthermore, the authors concluded that the risk 
reductions were greatest for children breastfed more than 6 months., Since breastfeeding is 
the normal situation, an alternative conclusion would be that formula feeding resulted in a 
highly sign&aut increase in the risk of acute childhood leukemias. Although this study 
did not assess the DHA status ofthe patients or controls, based on previous work it is 
likely that those children who were formula-fed bad a lower DHA status that those 
children who were breast-fed as infants. This observation is particularly interesting in light 
of some recent cancer work in animal models by Rose and colleagues (201). They showed 
thatanimalswithahigberDHAstatus(providedbythedietmysuppImmtationwith 
~DHASCO) were more resistant to induced cancers and, onceacancxrwasestab~ 
they had a slower rate of metastasis thau unsupplemented animals. 

2.8 REPORTS INCGNSISTENT WITH GRAS STATIJS OF DHA AND 
ARAFROMOTHERSOURCES. We arenot aware ofanyreportsthatare inconsistent 
withtheGRASstatusofARASCOaradDHASCO~rusein~qchildrenor~~. 
However,~havebeenthreereportsintfaeliterature~~pot~~~~s 
inh~infUntswfaenfedan~formulausing~oilasasourrRofDKkItis 
~~tonotetbatalifishoilsco~EPA,a~aciderrpress~~(bydesigo) 
firotiDHASC0, and did not contain supplementaI aracbidonic acid. Although these 
findings involve materials that are not the subject of this GRAS af&mation, these reports 
are reviewed below. 

Effect3 on Growdi. In one of the first clinical studies in which DHA 
supplementation was tested, a fish oil rich in EPA was used as a DHA source (0.3% EPA 
and 0.2% DHA). This formula was provided to preterm infants through nine months past 
their term date (48). No supplemental ARA was provided. Under these conditions, 
Carlson and co-workers reported an even greater decline in serum ARA compared to 
standard ~formulas, and they measured a reduced growth rate in tholse infants. Upon 
further analysis, it became clear that there was a correlation between the growth of the 
i&mts and their ARA status (47). Since EPA is a well-known antagonist of ARA 
metabolism, it was not surprisii that providing an EPA-rich fish oil to an inhmt would 
tiuther compromise the infant’s AM status which was already low because ofthe lack of 
dietary AM in the formula. Subsequent studies indicated that ARA may a&ct infbnt 
growth through ARAderived eicosanoids that elevate the levels of growth hormone (18). 
Two subsequent clinical studies (39,203) which both used fish oil witb a lower EPA 
content (form&s contained 0.04 - 0.07 wt % EPA and 0.2 wt % DIM) but no 

.  1 .  
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supplemental ARA, also reported reduced growth, albeit less pronounced than the earlier 
Carlson study. In the case of Ryan and coworkers (203), the efZec:t was limited to boys. 
A more recent study with term infants using fish oil supplemented formulas showed no 
effect on growth (167). In several large, well-controlled, multicenter trials using 
DHASCO as a source of DHA in the formulas (there is no EPA in DHASCO), there was 
no inhibition of growth, even in groups where DHASCO was used. without any additional 
ARA (see Appendix 2 for details). In fact, two studies have now reported that the 
combination of DHASCO and ARASCO actually results in improved growth of preterm 
(77) as well as full term infants (41) compared to infants fed control formulas. These 
reports suggest that EPA at any level is an undesirable component of infant formulas. 
This fact was also recognized by a recent expert workshop in Washington DC which not 
only recommended the addition of DHA and ARA to infant formulas, but established an 
upper limit (not to exceed) for EPA in infant formulas (217). One of the main reasons that 
DHASCO has been chosen over fish oil as a source of DHA in infbt formulas sold 
outside of the United States is that DHASCO contains no EPA. ’ 

Language Development in Infhnk In another major study, language 
development at 14 months of age was reported to have been negatively affected in the 
group receiving fish oil-supplemented fomula (212). The authors subsequently reported 
that this difference was not present at three years of age (213). Furthermore, this negative 
effect was only associated with the fish oil (EPA-containing) formula without 
supplemental AR4 since no such effect was observed in a parallel arm using a formula 
conta&gbothDHAandARA. Inf!act,therewasatbree-pointimprovement(not 
statistically significant) in the developmental quotients (DQ) of the DWARA 
supplemented children (213). There have been m similar negative reports when 
DHA!XO/AMSCOsupplementedformulashavebeenused. Inf&,ithasrecmtlyben 
reportedthatat18moathsofagethereisasevenpointimpro~intheDQofinfaorts 
who IZC&&I DHA!ZO/ARASCO supplemented formulas compared to those receiving 
standard formulas as asses& by the Bayley b&nt development index (21). Vocal&a& 
and language skills are important components ofthis test. 

SIDS. The aforementioned trial which noted reduced growth in boys fed formulas 
supplemented with an EPA-containing fish oil, also reported more SIDS-related deaths in 
the group fed the fish oil (EPA-containing) supplemented formula with no ARA, than in 
the control group (203). An independent safety committee, which included medical 
specialists with expertise in SIDS, carefully reviewed each case and concluded that none 
of the SIDS deaths were related to the dietary treatments. In support of this opinion, none 
of the other trials (more than 30 to date involving over 2,500 babies) where DHA and 
ARA supplemented formulas have been used, regardless of the sources, have noted any 
similar observation. Breastfw, which supplies DHA and ARA to the .infbnt is 
associated with a reduced risk of SIDS (90,178), not an incr& risk. Furthermore, 
there have been no reports of frequencies of SIDS changing in countries where DHA and 
ARA supplemented formulas have been in extensive use for several years (e.g., Israel), and 
no reports of such adverse events in postmarket surveillance after launching 
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DHASCO/ARASCO supplemented formulas (cJ: Wyeth Ayerst Research, personal 
communication). 

Bleeding Times. Although there have been no reports of excessive bleeding in 
controlled infant formula trials using fish oil-supplemented formulas, there are 
observations in children and adults of increased bleeding times when consuming fish oils 
(30,2 18,25 1). This, again, is entirely consistent with an effect of the eicosanoid 
precursor - EPA - contained in fish oil, downregulating the omega-6 eicosanoids PGE2 
and TXA& both of which are important in stopping bleeding in response to an injury. 
Since this is an EPA-mediated response, and neither DHASCO nor .ARASCO contain 
EPA, this issue does not apply to these products. However, bleeding times were tested in 
a well-controlled, USDA-sponsored study in adults maintained in a metabolic ward and 
fed 15 g of DHASCO every day for a period of 90 days. At the end of the trial, as 
expected, there were no changes in platelet aggregation or prothrombin bleeding time in 
the DHASCO-treated subjects compared to the placebo controlled group (187). 

2.9 RECOMMJZNDATIONS OF OTHER EXPERT PANELS. Several other 
Expert Panels have been convened over the last 10 years to assess the issue of whether or 
not ir&nt formulas should contain long chain polyw&rated %tty acids (i.e., DHA and 
Am). Therehasbeengeneral~amongailofthemregartlingtheimpo~of 
DHA and ARA in infi& nutrition, but each panel approached the issue with difkent 
questions or objectives in mind. Such questions ranged from the allowance of such 
supplemelltstotheir~inallinfimt~rmulas. ThemostrecentExpertPa+ 
acttdly established what it considered to be Adequate Intake (AI) levels for DHA and 
ARA (i.e., those levels required to support normal brain growth and development in 
iIlfhts). The various Panels’ recoI1I11sendBfions are listed in chronological order below. 

1991. Empean Society of Pediitth G asfme&m~andNuaition 
(ESPGm. In an ESPGAN Committee Report comment& on the content and 
-composition of lipids in i&nt formulas (83) the importance of long chain polyunsaturated 
fatty acids (LCP) in infant nutrition was recognized. It noted that both preterm and term 
infants fed standard formulas “devezop LCP-depletion of structuraZ Zipids” and that animal 
studies showed that prolonged omega-3 deficiency “reduces DHlA content in the brain 
and retina and impairs development of visual acuity, and possibly also of discrimination 
learning”. They concluded that “during this period of life, LCP are therefore considered 
essential nutrients that should be supplied with the diet.” The Committee felt that 
“enrichment [of low birth weight infhnt formulas] with metabolites of both ZinoZeic acid 
[i.e., ARA] and a@Aa Zinolenic acid [i.e., DHAJ approximating levels @picaZ of human 
milk ZipicrS (n-6 LCP [ARA] 1%, n-3 LCP [DHA] 0.5% of total fatty acids) is desirable”. 
They went on to say that “LCP supplementation to [term] infant...might also be of 
advantage, but further data on this question are required prior to a definite 
recommendation”. Over the intervening years, such data have been generated. 
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-. 1992. British Nutrition Foundalion, In 1992, a Task Force of EQerts 
who were invited by the Council of the British Nutrition Foundation to review the state of 
knowledge make recommendations on the nutritional and physiological significance of 
unsaturated fatty acids (3 1). One section of that report, related specifically to unsaturated 
fatty acids in early development, recognized the importance of the delivery of DHA and 
ARA to the growing infant in utero by transplacental transfer and, during nursing, via 
breast milk. Much of this recognition was based on “evidencejFo.m animal studies, which 
suggested that retinal function and learning ability are permanently impaired if there is a 
failure in the accumulation of sufficient DhY during development”. They concluded with 
recommendations that “it would be prudent for Dh54 to be present in & infant formulae 
at the same level as it is present in human milk (i.e., 0.2% of total energy)“. This 
corresponds to about 20 mg DHAAcg/day or about 50 mg DHASCO/kg/day. 
Furthermore, the Task Force recommended “that preterm infant formulae should contain 
DhY at a level of 20 mg DhWkg/@. Fii, the Task Force also recommended “that 
infant formulae should contain preformed arachidonic acid in an attempt to replicate the 
fatty acidprofile of human milK’. 

1994. WorMHealth Oqp&atb&%od andAgicu/bre Oqp&atbn. 
In October of 1993, an Expert Consultation was estabIishedjoint~ between the Food and 
Agriculture Organization (FAO) and the World Health Organization (WHO) to review the 
latest scientific evidence and make appropriate reuxnmendations on the role of dietary kts 
in human nutrition in order to assist policy makers, heaith care professionals, the food 
industry, and consumers. The report, published the following year (84), includes a chapter 
on lipids in early development where they note that in addition to :rodent studi- Wudies 
with nonhuman primates confirm that n-3 dejkiency depresses the development of retinal 
fiction andvisual acuiv. Throughout the dkcussion they underscore the need to . . mamtarnadequateDHAandARAsrrppiiestotheinfsnt~m~~~~ 
preparation of,the mother to the post-partum nursing of the infant. The Expert 
Consultation’s recommendation was that “preterm formula shouldprovide 60 mg of ARA, 
and 40 mg ofDE-4 per kg bo& weightper day”. For term in&n&, the recommendaGin 
was for “40 mg of ARA and 20 mg of DhY per kgper day”. This latter recommendation 
would correspond to 100 mg ARASCO/kg/day and 50 mg DHASCO/kg/day. The 
Consultation goes on to say that “these levels were suggested to provide the greatest 
possible release of the full genetic potential of neural and visual development of the 
infants”. 

1994. Intermztional Society for the Study of Fw Acids and L&&is 
(ISSFAL). In June of 1994, a subcommittee of the Board of ISSFAL approved a series 
of recommendations for the essential fatty acid requirements for infkt formulas. These 
followed the general tenet that ‘human milk is the best and only proven source offat and 
essential faw acids in the infant diet”. ISSFAL recognized that “preterm infants fed soy 
oil supplementedformulae have altered electroretinograms and idelved visual 
maturation relative to those fed DhY supplementedformulas or human milk These 
changes are correlated to biochemical indices of low DHA statw*. The report goes on 
to recommend that “jikmulas for these Ipretenn] infants shouldprokfde 60-100 
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mg&Iday as preformed arachidonic acid’, and “Shouldprovide 35-75 mg...per kg body 
weight per day as DHA”. Although these recommendations were detailed for preterm 
infants, the statement goes on to acknowledge that “In general, the speciJic 
recommendations given above are applicable to term infants; however, the requirements 
for long chain polyunsaturates (AA and DIt4) for term infants await the results of 
clinical trials that are now in progress”. Those studies have now been completed and 
they resulted in the new recommendations (see below) issued five years later in June of 
1999 (2 17). 

1998. Lqe Sciences Research Organization (LSIZO). In September of 
1995, under contract with the FDA, the LSRO began to evaluate the evidentiary basis for 
the requirement of various components in infbnt formulas for heahhy term (but not 
preterm) infants. Among other issues, the requirements for DHA and ARA by full term 
inhts was reviewed. Throughout the discussion of this issue, the Panel repeatedly 
recognized the need to maintain an adequate DHA and ARA status in the i&m& 
Although the Panel considered the evidence available to it to be “i,rzsz.@cient to warrant a 
recommendation that DhY and ARA be added to ficrr term infantformulas at this time”, 
itdidrecogoizethat~~~~clinicaltrialswereongoingandthatthisissueshouldbe 
readdressed in the near fbture. The LSRO Panel based its opinion on only four (9,22,40, 
163,166) of the ten term infSnt intervention studies listed in Table: 2-2.1 where 
DHA/ARA~p~~~~ulaswereusedandfunctionaloutc(omesweremeasured. 
The Panel5 conclusion was still somewhat surprising siuce three ofthe four studies 
considered (9,22,40,163,166) clearly demonstrated a deficit in visual and/or 
neurological~causedbystandard~~~re~ivetoh~~that 
were overcome in all Casey by the mppleme&tion of DHA and ARA to the f&mlas. 
The fourth study (9) showed no difI&ence in visual or neurological asxzmm& between 
humanmilk-w smdard formula-fed, and DHNARA suppbted &mmla-ffed in&m, 
butthis~studyhasbeen~~duetothefactthattheDHAlevelintlaehumanmiIkwas 
very low, as was the cmichment level in the formula (0.12%). These levels would deliver 
only about 6-10 mg DHA/kg body wt/day to the infant (about one-third that 
recommended by tlae WO/FAO Expert PaneI). The Panel also suggested that the DHA 
status of the i&mt could be improved if enough precurso r alpha linolenic acid (ALA) was 
added to the formulas, and therefore recommended that all term formulas contain a 
minimum of 1.75% of energy as ALA. “This recommendation was based on the 
essentially of ALA as a precursor of the n-3 series of LCPUFAs” (i.e., DIM), 
underscoring the importance of maintaining an adequate DHA status. Interestingly 
however, human milk contains very little ALA and the Panel made the unprecedented 
recommendation that formula should contain at least twice as much ALA as is found in 
breastmilk(141). Themmmendationisinconsistentwiththe~tentofthe~ 
Formula Act, which was to have infant formula more closely match the gokl standard of 
human breast m& Fur&more, the Panel recognized that babies fed formulas with ALA 
contents even as high as 3.2% of total f&y acids still did not achieve the DHA status of 
breast-fed babies (139). Despite their lack of a mxmmmdation for the requirement of 
DHA and ARA in all term formulas, ‘the Expert Panel strongly endorsed breast feeding 
as the prefeerred source of nutrients for infants and, for a number of nutrients [ok than 
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DHA and AR.4 for some reason], used the amounts found in bretast milk as a guide in 
establishing minimum and maximum levels”. The Panel also recognized that the “levels 
of Dh?4 in the breast milk of women consuming a typical North American diet are 
generally found to be in the range of 0.2% - 0.4% offatty acids”‘, but levels as high as 
1.4% have been reported elsewhere (126). These typical breast milk levels would provide 
about 10 to 25 mg DHA/kg body wt/day for an infant. 

1998 Health Canada. A working group assembkd by Health Canada 
concluded that commercial formulas in Canada contain adequate ;amounts of linoleic and 
linolenic acids (37). However, they also recognized that “it may be that ARA and Dh54 
synthesis [from these precursors] is too slow to meet the tissue needs [of the infant]“. 
They further stated that “clinical studies have attempted to determine the needfor a 
dietary source or for the addition to infant formulas of ARA and DHA, but have yielded 
inconsistent results”. However, they cite only two of the ten available studies (see Table 
2-2.1) which analyzed fiulctonal outcomes. Finally, they did agree tbat “it is reasonable 
to presume that infants not fed breast milk might benefit Jiom dietary sources of ARA and 
DIM”, but they-did not recommend their addition until the safety of the sources of these 
fattyaciclpotthefizttyacidsthemselves,muldbeestablished. 

1999. iSSFAL Workshop on the Ewentiblly of and Recommen.&d 
Dktaq IntaRes for Omega-6 and Omega-3 Faity Acids In April of 1999, an 
IntemationalworksbopsponsoredbyNIlX, TheCenterforGenetiics,NutritionandHealth, 
ami ISSFAL, and co-sponsored by several industry groups, was convened to make 

mmedahs to the Board ofNutrition of the US National Academy of Scii 
regarding the establishmed of Dietary Reference Intakes (DRIs) for omega-6 and omega- 
3 intake (217). This group thought it was of “unnost importance” to focus on the 
composition of in&t formula and reeomrtxxxled that an adequate: intake (AT) fir an i&nt 
formula diet would include 0.506/o of total fatty acids as ARA and 0.35% of total fatty 
acids as DHA. A typical fat content of an infant formula of 5.3 g/l00 kcal would lead to a 
consumption of about 5.8 g &t/kg body wt/day. This corresponds to about 30 mg 
ARAkg body wt/day and 20 mg DHA/kg body wt/da~ values which closely approximate 
the WHO/FAO Expert Panel recommendations of 1995. The ISS’FAL Workshop also 
recognized the need for additional DHA supplementation to the mother during the period 
of pregnancy and lactation so that adequate delivery of DHA to the infant can take place 
from the maternal source. Consequently, they also recommended that “duringpregnancy 
and lactation women must ensure a DhY intake of 300 mgIday”. 

2.10 CONCLUSIONS. A number of scientific and medical expert panels have 
critically discussed and evaluated the scientitic evidence and concluded that the 
biochemical deficiency observed in the formula-fed in&nts can be eliminated by providing 
a source ofDHA and ARA for those infants. The FDA has raised some safety concerns 
over the use of DHA and ARA in infjut formulas (Appendix 4) and have indicated that 
more information was required before GRAS status can be applied for this use. These 
cow have been addressed in this document and the Panel believes that they have been 
resolved in a dispositive fashion with scienti& evidence. Furthermore, well controlled 
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clinical studies indicate that supplementing formulas with DHASCO and ARASCO 
reduces or eliminates the detrimental consequences of the DE-IA and ARA deficiency. 
Consequently, this Panel does not find any reason to disagree with other Expert Panels’ 
opinions on the importance of DHA and ARA in infant nutrition, and fkrther believes that 
there is now sufficient evidence that it is beneficial to supplement infknts with DHA and 
ARA as a means to eliminate the biochemical deficiency in these infants and to more 
closely approximate the condition of a breast-fed infan. The Panel kther believes that 
such an addition is in line with the general tenet of providing inknts with nutritive 
components that most closely match the nutritive components of human milk. 

3. CURRENT AND PROPOSED USES FOR DHASCO AND AR4SCO 

As described in the previous section, several other Expert Panels have addressed 
the issue of use levels of DHA and ARA in infant formulas (3 1,83,84, 133). The levels 
recommended by those Expert Panels are given in Table 3-1 for pre-term and term in&nt 
formulas and range from 0.4% to 1.5% of total formula fkt for ARA, and 0.35% to 1.1% 
of total formula fkt for DHA. These values closely approximate levels of DHA and ARA 
found in human milks from around the world. Although the recent LSRO Panel in the 
U.S. (159) concluded that there is not enough information at this lime to mandate the 
addition of DHA and ARA to infant formulas (see previous discussion), they did conclude 
that there is ongoing research in this area, and that the issue should be reopened when 
those data are available. A much larger group of world-wide experts in lipid nutrition 
more recently (April, 1999) reviewed the latest data (not reviewed or discussed by the 
LSRO Panel), and concluded that an infknt formula would need to contain at least 0.35% 
of lipid as DHA and 0.50% of lipid as ARA for an i to receive an adequate intake 
(AI) of these components (217). They also went on to identify, the potential problems 
with EPA and recommended that there should be an upper limit (not to exceed) for EPA 
of not more than one quarter the level of DHA. 

Table 3-1. Recommendations of five expert panels for the inclusion of ARA and 
DHA in infant formulas. 

Pretem Formula 
ARA (?/o offa# 
Dh!A (?? offat) 
Tern Formula 
ARA (?A offag 
DHA (?? offat) 

1% 0.40 % 0.90 -1.5 %I 0.90 % 0.50 % 
0.5% 0.40 % 0.5-1.1% 0.60 % 0.35 % 

0.40 % 0.70 % 0.50 % 
0.40 % 0.35 % 0.35 % 

DHALEPA rafio >5to1 lot01 >4to 1 

’ Assmptions for the calculated values are 1) preterm infants consume 120 k&kg/d and term infants 
consume 110 kcal/kg/d, 2) fat comprises 50% of energy of the formula, and .3) 1 g fat has 9 kcal. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 25 

In the last 15 years, at least 32 well-controlled clinical trials have been completed 
using DHA/ARA supplemented formulas (see Table 2.2-l). All trials have used 
supplemental DHA at levels in preterm formulas from 0.15% to 0.78%, and for term 
formulas from 0.1% to 0.36% of total formula fat. Supplemental AR4 has been used in 
most, but not all trials. In trials where supplemental ARA has been used, the 
concentration ranged from 0.1% to 1.1% of total fat in preterm formulas, and from 0.20% 
to 0.72% for term formulas. Of particular relevance to this Panel were the 14 clinical 
studies in which DHASCO and ARASCO were used as the DHA and ARA sources for 
supplementation (see Appendix 2). In those trials, the DHA and ARA dose levels ranged 
horn 0.24 % to 0.76 % of total formula fat for DHA and 0.24 % to 1.1 % of total formula 
fat for ARA in preterm formulas. In fYl term infant formula trials, dose levels ranged 
from 0.20 % to 0.36 % of total formula fat for DHA, and horn 0.20 % to 0.72 % of total 
formula tkt for ABA. These values clearly Ml well within the normal range of mother’s 
milk (Figure 2.1-l) and the Expert recommendations (Table 3-l). 

In the past five years, commercial infant formulas containing supplemental DHA 
and ARA have been introduced around the world. Of particular interest to this Panel were 
the formulas containing DHASCO and ARASCO as the forms of supplementation (Table 
3-2). The Panel also noted that the.LBW formula produced by Wyeth/Ayerst is provided 
to low bii weight infants under strict doctor’s supervision. The mam.&cturer estimates 
that over 100,000 infants have been given these formulas under doctor’s guidance. In 
fact, DIIASCO/ARASCO-supplemented formulas are used more extensively around the 
world than formulas supplemented with any other source of DHA and ABA. The DHA 
levels in current commercial use for those formulas are 0.30% to 0.40% of formula fat for 
preterm formulas and from 0.25% to 0.40% of formula fkt for term formulas. The ABA 
levels in current commercial use for those formulas are 0.45% to 0.60% of formula tit for 
preterm formulas and from 0.45% to 0.50% of formula fit for term formulas. 

Table 3-2. Commercial infant formulas containing DHASCO and ARASCO 

Amnrina SMA LBW X 
A&alia 

Bahrain 
Bolivia 
Belgium 

Chile 
China (P.R. C.) 
Coiom bia 
CYPnrS 
Dominica 
Ecuador 
Egypt 

Numico 

WY& 
WY& 

Numico 

Wyeth 

WY& 
WY& 
WY& 
WY& 
WY& 

sh4ALBw 
SMA Gold 

Nenatal 
KariCare First6 

SMA LBW 
SMA LBW 

Nenatal 
Premilon 

SMALBW 
SMA LBW 
SMALBW 
SMALBW 
SMA LBW 
SMA LBW 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Wyeth Sh4A LBW X 

6 KariCare First contains fish oil and A&UC0 oil. 
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El Salvador WY& 
Finland Nuako 
France Wyeth 
Greece WY& 
Guatemala WY& 
Guyana Wyeth 
Haiti Wyeth 
Honduras Wyeth 
Hong Kong WY& 

Hungary 
Iceland 
Indonesia 
Ireland 
Israel 
famaica 
Jordan 
Kenya 
Kuwait 

WY& 
Wti 
WY& 
WY& 

Maaharot 

W@ 
W@ 
Wyeth 
Wyeth 

Lebanon 
Malawi 
hfalaysia 
Malta 
Mauritius 
Mexico 
Netherlands 
New Zealand 

w* 
WY& 
WY& 
Wyeth 
Wyeth 
WM 

Numico 
WM 

Numica 

Nicaragua 
Oman 
Panama 
Peru 
Philippines 
Portugal 
Qatar 
Russia 
Saudi Arabia 
Seychelies 
Singapore 
South Africa 
Spain 

WY& 
WW 
Wyeth 
Wyeth 

WY& 
Wti 
Wyeth 
Wyeth 

Wyeth 
Wyeth 

WY& 
Wyeth 

Novartis 

Switzerland 
Taiwan 
Thailand 
Trinidad 
Turkq 

Numico 
Numico 

WY& 
Wyeth 

WY& 
Wyeth 

Sti LBW 
Nenatal 

Modilac LBW 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
344 LBW 
SMA LBW 
SMA Gold 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 

Matema Stage One 
SMA LBW 
SMA LBW 
SMA LBW 
SMA Gold 
SMA LBW 
Sh4A LBW 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
Sh4A LBW 

Nenatal 
SMA LBW 
SMA Gold 

Nenatal 
KariCare First 

SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
Sh4A LBW 
SMA LBW 
SMA LBW 
Adapta PEG 

Readapta 
Nenatal 

RC?&ptLt 
SMA LBW 
SMA LBW 
SMA LBW 
SMA LBW 
Sh4A LBW lL4.E. Wyeth 

X 

X 

X 
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United Kingdom 
Uruguay 
Venezuela 
Vietnam 
Zimbabwe 

WY& 
WY& 
Wyeth 

WY& 
Wyeth 

SMA LBW X 
ShlA LBW X 
SMA LBW X 
ShJA LBW X 
SMA LBW X 

This Pane1 was asked by Martek Biosciences Corporation to review the published 
literature, the published and unpublished safety data, laboratory records and assessments 
of clinical and laboratory personnel, to make an assessment as to whether DHASCO and 
ARASCO can be considered as Generally Recognized as Safe when provided to both 
preterm and 111 term infants and children at doses for DHA corresponding to levels up to 
1.0 % of daily fat intake, and for ARA corresponding to levels of up to 1.0 % of daily fat 
intake. This would correspond to 2.5% of daily fat intake as DHASCO and 2.5% of daily 
fat intake as ARASCO. Assuming human infants consume about 100 to 120 kcal/kg body 
wt/day, of which tit comprises about 50%, an infant will consume about 50 - 60 k&kg 
body wt./day of Eat, or about 5.5 - 6.7 g of f&./kg body wt/day (1 g fat = 9 kc@. The 
above referenced DHASCO intake of 2.5% of daily fat for an infant would correspond to 
about 150 mg DHASCO/ka/dav. The above referenced ARASCO intake of 2.5% of daily 
fat for an infant would also correspond to about 150 mrr ARASCO/kg/day. These GRAS 
values are approximately two- to four-fold higher than levels presently used in LCP- 
supplemented commercial infant formulas (see Table 3-2). 

4. IDENTITY AND DESCRIPTION 

ARASCO and DI-IXXO are macronutrient triglyceride oils produced in fungal 
and algal microorganisms respectively. These microorganisms have @ been genetically 
engineered. They are grown in axenic liquid culture, harvested, dried and the oils are 
extracted and processed using current Good Manufacturing Practices (cGMP). AU 
processing materials are of food grade quality or better. These oils are approximately 40- 
55% enriched in arachidonic acid or docosahexaenoic acid and, consequently, represent a 
concentrated, well-defined source of these particular long chain polyunsaturated fatty 
acids (LC-PUFAs). They are generally diluted with another vegetable oil (High Oleic 
Sunflower Oil - HOSO) to a standard 40% DHA or ARA content prior to being shipped 
worldwide for addition to infant formulas. The manufacturing processes for the oils are 
described in detail in Section 5. The comprehensive chemical descriptions of the oils are 
described below. 

4.1 CHEMICAL COMPOSITION OF DHASCO. DHASCO oil is triglyceride 
preparation that is enriched to 40% by weight in DHA and is made up of a mixture of an 
oil extracted f?om the marine microalgae Crypthecodinium cohnii and a commercial food- 
grade of HOSO. It is a tiee flowing, yellow-orange oil, which is predominantly 
triglyceride (>95%) with some diglyceride and nonsaponifiable material (~5%) as is typical 
for all food-grade vegetable oils. The f&y acid compositions of DHASCO from four 
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typical commercial batches are shown in Table 4. l-l. Minor fatty acid components listed 
as “other” in Table 4.1- 1 generally constitute about 1% of the total1 fatty acid composition. 
A recent report (238) indicated the presence of small amounts of C28:8n-3 in DHASCO 
oil, as well as fish oil. This fatty acid is the next expected omega-3 end product of the 
Sprecher pathway beyond DHA (161) and is one of the minor components (approximately 
1%) of DHASCO and many fish oils. Compositional analyses of other components of the 
oils Tom the same batches are provided in Table 4.1-2. The levels of these latter 
components compare favorably with other-commercial edible oils. In general, the residual 
extraction solvent is typically absent or undetectable (detection limit ~0.3 ppm), there are 
no detectable cyclic fatty acids or trans fatty acids, pesticide residues (negative for a 
standard panel of 74 pesticides)‘, or heavy metals such as arsenic, mercury and lead (all 
below the 0.1 ppm detection limit). 

Table 4.1-1. Fatty acid composition of DHASCO from four separate batches. 

c 8:O 0.35 0.13 0.18 co.10 
c IO:0 1.24 0.87 0.99 1.66 
CI2:O 5.91 5.09 5.93 7.16 
c14:o 16.82 15.43 17.52 17.38 
C16:O 13.95 12.92 13.99 14.97 
CI6:I 1.62 1.49 1.23 1.48 
CI8:O 0.45 0.64 0.55 0.36 
C 189 13.32 17.69 14.34 13.33 
C18:2 0.40 0.74 0.51 0.31 
c2o:o 0.14 0.10 0.11 0.10 
c22:o 0.13 0.18 0.15 0.11 
c22:5ll-3 a.10 co.10 a.10 <Ol.lO 
C22:6 DHA 44.78 43.57 43.93 41.85 
C24:O 0.11 co.10 co.10 <(Il.10 
Others 0.42 1.02 0.46 1.25 

The nonsaponifiable fraction of DHASCO is generally about 1.5% and is made up 
primarily of sterols. Two independent laboratories’ have analyzed the sterols of this 
fraction and their results are presented in Table 4.1-3. These data agree with results 
previously published on the sterol fraction of C. cohnii (190, 195,250). The principle 
component of these sterols is a 4-methyl sterol, dinosterol (Figure: 4.1-4). 4-methyl sterols 
are found in the normal metabolic pathway of cholesterol biosynthesis in man 

Table 4.1-2. Chemical composition of DHASCO from four separate batches 

’ Notice of a Claim for Exemption fimn Premarket Approval, submitted to the Office of Premarket 
Approval, Food and Drug Administration by Wyeth Ayerst Laboratories on August 27, 1998. 
’ Analyses performed by Professor J. We&e, Auburn University, Alabama and Dr. J. Volkman, CSRO 
Division of Oceanography, Australia. 
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Date 
Chemical Anal& 
DHA 
DHA 
EPA 
Free fat@ acid 
Peroxide value 
Volatiles 
Nonsaponijiables 
Insoluables 
Trans fats 

Elemental Analvsis 
A rsrnic 
Caahium 
Chmmium 
copper 
IrOn 

Lead 
Manganese 
Mermy 
Mdybdennm 
Nickd 
Phosphorous 
SikTCOFl 

units 
area % 

wk 
area % 

% 

meq/kg 
% 
% 
% 
% 

PPm 
wm 
PPm 
mm 
Ppm 

Ppm 
mm 
Ppm 
mm 

44.78 
414.2 
co.1 
0.16 
co.1 

co.0 1 
1.85 

co.01 
Cl.0 

co.5 
co.1 
co. 1 

co.02 
co.02 
co.1 

a.01 
a.04 
co.05 
co.1 
4 
135 

43.57 
407.3 
co.1 
0.14 
co.1 
co.0 1 
1.55 

co.01 
d1.0 

eo.5 
dO.1 
co. 1 
<0.02 
a.02 
co.1 
co.01 
<o&i 
a.05 
<O.l 

1 
41 

43.93 41.85 
414.7 386.4 
co.1 co.1 
0.22 0.16 
0.24 co. 1 

co.01 co.01 
1.36 1.79 

co.0 1 co.0 1 
cl.0 Cl.0 

co.5 
co.1 
co.1 
co.02 
a.02 
co.1 
co.01 
4.04 
co.05 
a.1 
4 
18 

co.5 
co.1 
co.1 

co.02 
a.02 
co.1 

co.01 
4.04 
a.05 
co.1 

1 
41 

Sulfirr Ppm 29 18 80 74 

(93, 116, 168) and have been identified in several other food sources, including fkh and 
shellfish (196). There is XKI a priori reason to believe that these sterols have any 
significant biological activity, and they would be expected to feed into the normal 
cholesterol metabolic pathways in humans. It is also important to note that at the 
proposed GRAS level for DHASCO of 2.5% of daily fat intake, the contribution of the 
sterols from the algal oil to the diet is very small relative to other phytosterols found in 
infan formulas (fkom the vegetable oil) or cholesterol provided by human milk. A dose 
level of 150 mg DHASCO/kg body wtklay would correspond to less than 3 mg total algal 
sterolskg body wtklay. A typical infant formula would deliver about 33.5 mg of 
phytosterolskg body wt./day (6700 mg fat/kg body wtklay and 0.5% sterols), and human 
milk delivers about 400 mg cholesterol per 100 g fat (cu. 30 mg/kg body wtklay) to an 
infant (141). If mothers are consuming a phytosterol-rich diet, the: amount of phytosterol 
in the breast milk can be as high as the cholesterol levels (174). 

Table 4.1-3 Sterol content of DHASCO from three independent laboratories 



GRAS Panel Evaluation of DHASCO and ARASCO Page 30 

4s23,24-trimethyl cholesta-22-en-3#%ol dinosterol 
cholesta-5,7-dien-3gOl 
Ia,24-dimethyl cholestan-3gol 
4a,23,24-trimethyl cholesta-5,22-dien-3pol 
cholesta-7-enJ/%ol 
4a;24-dimethyl cholesta-22-en-3pOl 
4s23,24-trimethyl cholesta-22-en-3gol 
23,24-dimethyl cholesta-S-en-3flol 
Ja,23,24-trimethyl cholesta-24(28)-ene-3~ol 

cholesta-x,x-dien-3flol’” 
cholesta-5,24-dien-3p-al 
cholesta-S-en-3gOl 
23 or 24-methyl cholesta-5,7-dien-3jSol 

a 5.7-dien sterol 

C272 
C29zO 
c3oz2 
C27: 1 
C29: I 
C3O:I 
C29:l 
C3O:I 
C27z2 
C2712 
C27:l 
C282 
C273 
C29z2 

dehydrocholesterol 

dehydrodinosterol 
lathosterol 

dinosterone 

desmosterol 
cholesterol 

9A9 
9.2 
8.2 
7.5 
6.4 
6.0 
4.6 
4.2 
3.6’ 
2.49 
‘I.79 
1.99 
1.3 

6.2’ 
8.8’ 

14 
minor 
major 
minor 

14 

3.6’ 
9.8 trace 
9.4 
2.7 2 

trace 

6.9’ trace 

Total sterols (mg per g dry weigh@ 9.5 30 

Triglycerides are the predominant component of any natural f&t or oil and are 
present as a family of compounds wherein the various f&y acids may be found attached to 
any of the three positions on the glycerol backbone (see Figure 2. l-l). Corn oil, for 
example, is made up of at least 21 individual triglycerides (228). In some cases, certain 
fatty acids are found preferentially in either the Sri-1 , Sn-2 or Sn-3 positions on the 
glycerol backbone. In human milk, for example, palmitic acid is commonly found on the 
Sn-2 position, whereas in vegetable oils found in in&nt formulas, palmitic acid is almost 
never found on the Sn-2 position (129). Despite these discrepancies, the oils in i&nt 
formula are generally hydrolyzed and the fatty acids are taken up efficiently by the infhnt 
gut (see Section 7.1 for a description of absorption, distribution, metabolism and excretion 
of dietary fats and oils). Nevertheless, it would be desirable to mtch as closely as 
possible the positional placement of DHA in human milk triglycerides. We could find only 
two references relating to the positional specificity of DHA and A.RA in human milk 
triglyceride and they indicate that about 50-60% of the DHA is folund on the Sn-2 position 
(127, 170). Myher et. al. (182) have reported that approximately 45% of the DHA found 
in DHASCO is also located on the Sn-2 position Since the triglyceride structure of 
DHASCO is quite similar to human milk with respect to the posit:ional specificity of DHA, 
there would be no reason to believe that the digestion and absorption of DHA from 
DHASCO should be any different than the DHA from human milk fats. In fact, Camielh 
et al. (51) have tested this and shown that the absorption of DHA from DHASCO in 
human infants more closely approximates that of human milk than if DHA is presented in 
the form of a phospholipid. Many clinical studies have also shown that blood levels of 
DHA increase to levels matching those of the breast-fed infant when infants are fed 
DHASCO-supplemented formulas (see Appendices 2 and 3). 

9 Assignment based on known number of carbons and double bonds as well as number and/or placement 
of methyl groups, all of which are consistent with the cited chemical structure. 
lo The x refers to unassigned double bond placement. 
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4.2 CHEMICAL COMPOSITION OF ARASCO. ARASCO oil is a 
macronutrient triglyceride preparation that is enriched to 40% by weight in ARA and is 
made up of a mixture of an oil extracted Tom the soil fungus Mortl;erella ulpina and a 
commercial grade of HOSO. It is a free flowing, yellow oil, which is predominantly 
triglyceride (>95%) with some diglyceride and nonsaponifiable mat.erial(<5%) as is typical 
for food-grade vegetable oils. The fbtty acid composition of ARASCO from four typical 
commercial batches are shown in Table 4.2- 1. Compositional analyses of the other 
components of the oils from the same batches are provided in Table 4.2-2. These latter 
components are found at levels similar to those in other commercial edible oils. In 
general, the residual extraction solvent is typically absent or below detection (detection 
limit ~0.3 ppm), and there are no detectable cyclic fatty acids or trans fatty acids, pesticide 
residues (negative for a standard panel of 74 pesticides;(@)), or heavy metals such as 
arsenic, mercury and lead (ah below the 0.1 ppm detection limit). 

Cholesterol 

HO 

HO 

1 Dinosterol Dehydrodinosterol 
I 

HO 

Dehydrocholesterol Desmosterol 

Figure 4.1-4 Structures of common sterols in DHASCO and ARASCO. 

Table 4.2-1. Fatty acid composition of ARASCO from four separate batches. 
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c14:o 0.58 0.34 0.39 0.44 
CI6:O 9.59 7.32 7.17 8.45 
c 17:o 0.42 0.38 0.33 0.41 
c 18.-O 10.2 9.13 7.60 9.24 
C 18:I n-9 15.95 20.82 23.35 18.62 
C I8:l n-7 0.14 0.28 0.32 0.37 
C 18:2 n-6 7.62 6.77 5.56 7.L6 
C 18:3 GLA 2.99 2.82 2.45 2.81 
c 20:o 0.96 0.93 0.83 0.92 
c 2O:I n-9 0.40 0.35 0.36 0.50 
C 20:t n-6 0.62 0.57 0.60 0.72 
C 20:3 DGLA 2.57 2.03 1.82 1.43 
C 20:4 ARA 42.69 42.96 44.26 43.14 
c 22:o 2.02 2.02 1.98 2.00 
C 24:0 1.92 1.91 2.04 1.85 
C 24:1 n-9 0.11 0.13 0.23 OZ!O 
Others 1.22 1.24 0.65 0.78 

Table 4.2-2. Chemical composition of ARASCO from four separate batches. 

Dale 
Chemical Anal&s 
ARA 

EPA 
Free f@v acid 
Perox& value 
v01atiIes 
Nonsaponiflablcs 
Insoluables 
Trans f&s 

Elemental AnaivsAF 
Amen& 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorous 
Silicon 

units 

area % 

with 

area O/o 

O/O 

md43 

% 

% 

% 

% 

mm 
mm 
m 
wm 
mm 
mm 
wm 
mm 
ppm 
mm 
wm 
mm 

42.69 42.96 44.26 43.14 
406.4 409.0 416.4 406.3 
a.1 co.1 0.16 a.1 
0.18 0.11 Q.10 0.27 
1.2 0.41 IO. 12 1.51 

co.01 0.03 co.01 0.02 
1.73 1.36 1.69 1.18 

co.01 co.01 co.01 co.01 
a.0 a.0 4.0 a.0 

co.5 
co.1 
co.1 
co.02 
co.02 
co. 1 

co.01 
<0.04 
co.05 
co. 1 
<I 
310 

co.5 
CO.1 
co.1 
co.02 
co.02 
co.1 
co.01 
<o.Q4 
co.05 
co.1 
<l 
280 

co.5 
co.1 
co.1 
co.02 
co.02 
co.1 
co.01 
<0.04 
co.05 
co. 1 
<l 
280 

6 

co.5 
co.1 
co.1 
co.02 
co.02 
co.1 

co.0 I 
<0.04 
<o.os 
co. 1 
<l 
350 
4 
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About 1.5% by weight of AFUSCO is a nonsaponifiable fixction which is 
composed primarily of sterols. Two independent laboratories” have analyzed the sterols 
of this tiaction and their results are presented in Table 4.2-3. These data are in agreement 
with published results on the sterol fraction of M alpina (2 15). The principle component 
of these sterols is desmosterol (Figure 4.1-4). Desmosterol is found in the normal 
metabolic pathway of cholesterol biosynthesis in man (168) and is commonly found in 
several other food sources including animal fat, vegetable oils, and human milk (14 1). 
Shimizu (215) has reported the presence of a novel cyclopropyl-containing sterol, 24,25- 
methylenecholest-5-en beta-01, in M alpina at a level of 22% of thfe total sterols. This 
compound was not detected in the chromatograms of the Martek ARASCO samples by 
either of the two independent analytical laboratories. It is, therefore, possible that this 
compound was either misidentified by Shimizu, or that it was a real component unique to 
the strain IS-4 developed by these Japanese workers. It is important to note that at the 
proposed GRAS level for ARASCO of 2.5% of daily tit intake, the contribution of the 
desmosterol from the funsal oil to the diet is very small relative to other phytosterols, 
cholesterol, and even desmosterol provided by human milk or infant formulas. At a dose 
level of 150 mg ARASCO/kg body wt/day, this would correspond to about 1 mg 
desmosterol/kg body wt/day. A typical infant formula would deliver about 33.5 mg of 
phytosterols/kg body wt/day (6700 mg &./kg body wt.&y and 0.5% sterols), and human 
milk delivers about 400 mg cholesterol per 100 g f8t (ca. 30 mgkg; body v&day) to an 
infant (141). Desmosterol is the second most abundant sterol in human milk (141) and is 
present at levels of about 10% that of cholesterol (i.e., about 3-4 mg/kg body wt/day 
delivery to the baby). If mothers are consuming a phytosterol-rich diet, the amount of 
phytosterol in the breast milk can be as high as the cholesterol levels (174). 

Table 4.2-3 Sterol content of ARASCO from three independent laboratories. 

cholesta-5.24 die+3sOl C27:2 desmosterol 67.3 66.4 58 
24-methyl~cholesta-j,24(25 or 28)dien-3p C28:2 14.0 13.412 11 
01 

24-methyl cholesta-5,25-dien-3/M C28:2 12.:313 9.714 9 
C28:2 2.1 3.6 

4a-, 4/$14-trimethyl-8,24dien-3/3-o1 C30:2 lanosterol 1.1 2.7 
cholesta-5,25-dien-3/3-ol C27:2 2.0 1.0 
24,25-methylene cholesta-5en-3$-ol C28:l nd nd 22 

Total sterols (mg per & 7.9 5.3 

” Analyses performed by Professor J. We&e, Auburn University, Alabama and Dr. J. Volkman, CSIRO 
Division of Oceanography, Australia. 
I2 Identified as C28AsL 
I3 Identified as C28:2 
I4 Identified as C286”” 
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As discussed with DHASCO (see section 4. l), it would be most desirable for the 
ARA in ARASCO to have a positional placement on the triglyceride backbone that closely 
matches the position of this f&y acid in the triglycerides found in human milk. Two 
references have reported that about 45% of the ARA in human milk triglyceride is located 
on the Sn-2 position (127, 170). Myher et. al. (182) have reported that approximately 
29% of the ARA found in ARASCO is also located on the Sn-2 position. Since the 
triglyceride structure of ARASCO is quite similar to human milk with respect to the 
positional specificity of ARA, there would be no reason to believe that the digestion and 
absorption of ARA from ARASCO should be any different than ARA from human milk 
fats. In fact, studies have demonstrated that blood levels of ARA increase to levels 
matching those of breast-fed babies when those infants are fed ARASCO-supplemented 
formula (see Appendix 2). 

5. MANUFACTURING PROCESSES 

5.1 DHASCO 

5.1.1 NATURAL HISTORY OF C. COHNII. Crypthecodinium cohnii is 
a member ofthe Dinophyta (dinoflagellates). This is a distinct phylum ofunicellular 
eucaryotic microalgae comprisii an estimated 2,000 species (234,). Morphologically, the 
cells are characterized by two flagelkq one in a groove that encircles the middle of the celI 
and the other in a groove along the length of the cell. The nucleus lacks histone proteins, 
and the chromosomal DNA is pemwxz@ present in a condensed form (231). 

EcologicaIly,theDinophytacompriseanextremelyimportant andvastlyabundant 
.groupofpriraaryproducersinboth~~~andmarineenvironments. Amongthe 
eukaryoticalgaetheyaresecondonlytothediatomsasprhnrrryp~~incoastal 
waters(234). Assuch,~representaprimarylinkin~foodclhainofallmarineand 
fkshwater animals. In tropicak and subtropical marine environments some species of 
Dinophyta have been found in a symbiotic relatiinship with many invertebrates, especialIy 
corals, and serve a critical role as the major primary producers in reef ecosystems (234). 
In these associations the host organism is able to swallow the alga and incorporate it into 
its own tissue without harming it. The algal cell then produces sugars, which are utilized 
by the host. Some organisms rely ahnost exclusively on the food provided by their 
endosymbiotic algal cells. 

&Most species of the Dinophyta are photosynthetic, but there are aIso several 
heterotrophic species (234). Heterotrophic Dinophyta feed on diatoms and other protists 
and, as a result, they can also be the dominant grazers in certain environments. 

Like most uniceIlular organisms, the most common form of reproduction for the 
Dinophyta is asexual, where daughter cells form by simple mitosis and division of the 
parent cells (192). Under some conditions, sexual reproduction can occur and motile 
gametes, which are formed by mitosis, fuse to form a dormant zygote or resting celL This 
zygote can have a very thick cell wall and is extremely resistant to hostile environmental 
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conditions. In fact, these thick-walled zygotes are well preserved in the fossil record and 
have indicated that this group of organisms is at least 400-600 million years old (234). 

A small number of photosynthetic species of Dinophyta are known to produce a 
group of closely related toxins (226). These toxins are passed through the food chain by 
grazing organisms and can contaminate tish and bivalves. However, these toxin producing 
species are few in numbers, and there are no known heterotrophic species of the 
Dinophyta which are toxin producers. There are also no described cases of any of the 
Dinophyta species, or any other algae, being pathogenic to man or other mammals. 

The genus Crypthecodinium is monospecfic (i.e., containing a single species, C. 
cohnii). While containing the vegetative and nuclear characteristics in common with all 
other species of the Dinophyta, C. cohnii is further characterized by being incapable of 
photosynthesis. Thus, it is an obligate heterotroph. The natural ecology of this organism 
has been studied, and isolates of C. cohnii have been collected from ail around the world 
(14). C. cohnii is frequently isolated from the su.rEux of macroalgae (13). Because this 
species is easy to cultivate in the laboratory, it has become one of the best studied of all 
the algae, particularly with regard to ultwtructure, biochemistry and genetics. 

Crypthecodinium cohnii, like other algae, reproduces primarily by asexual cell 
division (mitosis) and is hapbid in the vegetative stage (13). This organism is capable of 
sexual reproduction in the laboratory, and with the exception of having a single division 
meiosis, has nofmal genetic behavior (13). Genetic studies indicate that C. cohnii exhibits 
genetic stability consistent with other eukaxyotic species usd in ferment&e production 
of foods and food additiies (13-l&232); that is, there is very little genetic drift in these 
algae. In the many rcports of C. cohnii in culture over the Jast 30 year& there has never 
been my indication that C. cohnii produces any toxin, nor is it related to any toxin- 
producing species (78). More broadly qeaking, there are no known heterotrophic 
Dinophyta species, which are either toxigenic or pathogenic (226). 

5.1.2 DHASCO FERMENTATION PROCESS. The diagram in Fiie 
5.1.2-1 pictorially descrii the DJJASCO Fermentation Process. The C. cohnii strain 
used for the production of DHASCO is proprietary to Martek (US Patents 5,397,591, 
5,407,957 and 5,492,938) and the process has been published (15:!). The strain originated 
I?orn the University of Texas culture collection and has been selected for rapid growth and 
high levels of production of the specific oil, The specific production strain of C. cohnii 
has been deposited with American Type Culture Collection (ATCC # 40750) under the 
obligations of the U.S. patent relating to its use. Master seed banks of the production 
strain are maintained under liquid nitrogen conditions at Martek and at ATCC. Working 

1. seed stock prepared from this master seed bank is also maintained cryogenically. Gn 
initiation of a production run, an individual ampoule from a working seed is used to 
inoculate a shake flask. 

The medium used to grow C. cohnii corn shake flask to production scale contains 
dextrose (Corn Products), yeast extract or a hydrolyzed vegetable protein (Universal 
Foods), sodium chloride, calcium chloride and magnesium sulfate. AU ingredients are of 
food grade quality or better. The medium is prepared according to Standard operating 
Procedures. 
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Figure 5.1.2-1. Flow chart of the stages of DHASCO fermenta.tion scale-up, 

Production scale fermenrtors use, in addition to the ingredients listed above, 
monosodium glutamate, potassium phosphate, potassium chloride, ferric chloride in citric 
acid, cupric suhhte, boric acid, manganese chloride, zinc sult%te, thiamme HCl and D- 
biotiu All production scale ingredients are also of food grade quality or hetter. 

TbecuIturesarctransferredto dely larger vessels based on growth 
parameters. Dextrose co&n, temperature, pH, airflow, pressu~, agitation and 
dissolved ovgen are monitored and controlled. When the culture reaches a determined 
maximum cell density and the fatty acid content reach a determined percentage, the culture 
is harvested by centrifugation and dried in a spray drier. The dried biomass is 
flushed with nitrogen and packaged in poly-lined boxes or Super Sacs prior to transport to 
the oil processing fscility or frozen storage facility. 

The quality of all raw materials used in fermentation scale-up is verified from the 
manuf&turer’s Certificate of Analysis and by Martek’s policy of procuring ingredients 
only from verified reputable vendors of laboratory or food grade quality products. In 
order to maintain kosher certification, Martek must also ensure that ingredients are also 
procured from recognized suppliers of products meeting strict kosher guidelines. Martek 
products are certified kosher by the Orthodox Union (OU). The OU must approve 
deviations from the strictly controlled procurement source list prior to the introduction of 
an ingredient into the process from another supplier. This proceszs has also been reviewed 
by the B.D.Z. Eda Charedith organization of Israel and has been certified as Halal by the 
Islamic Food and Nutrition Council of America (IFANCA). 
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51.3 EXTRACTION AND PURIFICATION OF DHASCO. The - 
DHASCO oil is extracted fiorn the algal biomass and processed using methods and 
procedures that have been well established in the edible oils industry. In order to protect 
this DHA-rich oil, which is much more prone to oxidation than typical vegetable oils, the 
Martek process has been designed to use the lowest effective temperatures and shortest 
times for each process step, and the oil is continuously protected f?olrn oxygen by nitrogen 
blanketing or vacuum. 

The diagram in Figure 5.1.3-1 pictorially describes the DHASCO oil processing 
procedure. The oil is first extracted by blending the dried biomass with hexane in a 

Figure 5.1.3-1. Flow chart of DHASCO oil processing. 

continuous extraction process. The miscella (hexane:oil mixture) is separated from the de- 
oiled solids, filtered, and desolventized under vacuum to begin removal of the hexane. 
The oil is then winterized to remove a higher melting oil fraction by placing the miscella in 
a jacketed vessel, cooled and gently mixed. The chilled miscella is then centiged to 
remove higher melting solids and desolventized again to remove remaining volatiles. This 
winterized DHASCO is then refked to remove fke fatty acids and phospholipids by -. 
mixing with citric or phosphoric acid while heating to facie removal of phospholipids. 
The he fatty acid level of the oil is adjusted using oleic acid, and the acids are 
neutralized by addition of aqueous sodium hydroxide. The mixture is heatedkxi then 
centrifbged to remove the phospholipids and soaps of fitx f&ty acids Corn the refined oil. 
The reiined DHASCO is transferred to a vacuum bleaching vessel where citric acid, Trisyl 
600 (activated silica) and bleaching clay are added to adsorb any remaining polar materials 
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and pro-oxidant metals, and to break down lipid oxidation products. The mixture is heated 
under vacuum and filtered using filter aid. The refined bleached DHASCO is then clarified 
once again by chilling the oil prior to a atration step to remove any solids. Finally, the oil 
is deodorized under vacuum using a thin-film, packed-tower, continuous deodorizer. The 
deodorized DHASCO is then diluted to a standard 40% docosahexaenoic acid 
concentration by the addition of high oleic sunflower oil and mixed with antioxidants 
(mixed natural tocopherols and ascorbyl palmitate). The oil is packaged in either 
nitrogen-purged containers and stored frozen or vacuum packaged. Following analytical 
release testing, a Certificate of Analysis is generated and included with each shipment. 

5.1.4 PROCESS CONTROLS. All processes were set up using a Hazard 
Analysis Critical Control Point (HACCP) approach. They are documented according to 
current Good Manufacturing Practices (cGMP) and the identified critical control points 
(CCPs) are monitored. Laboratory personnel use laboratory notebooks to record the results 
of laboratory tests as well as sterility checks, whereas production personnel record the 
continuous batch monitoring results in the batch records themselves, according to cGMP. 

Significant process related data points are recorded and plotted on control charts. 
These data points are regularly monitored and reviewed to ensure that they are within 
Martek’s recognized standard processing parameters. 

Batch records are maintained and reviewed on a regular basis by Quality Control 
personnel to ensure that they are complete and accurate representations of the production 
process. Quality Assurance personnel monitor the production records to ensure that batch 
process changes have been properly authorized, documented, and recorded in the records 
for each batch 

The Food and Drug Admit&t&ion (FDA) has inspected the manufacturing plant in 
Winchester, Kentucky, on the following occasions by the following inspectors: 

October 13,1998 
August 4,1997 
August 1,1996 
July H-17,1996 
April 3, 1996 
April 4,1995 

Charles R Jody 
Charles R Jody 
Robert W. Hudson 
Robert W. Hudson 
Charles R. Jody 
Charles R Jody 

None 
None 
None 
None 
None 
None 

Working seed from the master seed culture is shipped to the manufacturing plant in 
Winchester, Kentucky in one-ml cryopreservation vials, on an as needed basis, from the 
Martek laboratories in Columbia, MD. Each shipment of frozen seed is accompanied by a 
Certificate of Analysis, which provides product identification and other analytical 
information corn laboratory notebook records maintained in Maryland. At the 
manufacturing plant in Kentucky, frozen seed is maintained in liquid nitrogen until thawed 
for use. The thawing of a seed culture vial and the initiation of the seed train is documented 
in laboratory notebooks maintained at the Kentucky plant. 
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In-process monitoring of the product for bacteriological contamination is done on a 
continuous basis throughout the fermentation process. Sterility checks are performed daily 
by plating sterile samples of the fermented broth. The plates are cultured and held for 96 
hours. During this time the plates are checked daily for signs of contamination. Laboratory 
personnel and production operators also routinely visually inspect samples from the 
fermentor under the microscope. 

Before harvesting the fermentor, the cultures are microbiiy evaluated for gram 
negative organisms. If gram negative contamination is confirmed on a plate, the batch is 
terminated and discarded, and the contaminating microorganism is identified internally 
through visual inspection or by tests, or the plates are sent to a private, certified laboratory 
for identification of the contaminant. This process allows identifica.tion of the likely source 
of the contaminan t (air, water, etc.) so that the source can be eliminated. Cultures are also 
rejected ifother organisms, identified in the plate assays, have significantly altered 
established growth parameters or overgrown the algal culture. Each harvested batch is 
isolated until the plates made Corn the harvest time samples have been held for 96 hours and 
examined. 

Temperature, pressure, and flow rates are monitored and wntrolled within tight 
specifications during the oil extraction and processing stages. The oil is maintained under 
nitrogen atmosplme or under vacuum to protect it Corn oxidation. The majority ofthe 
processing is done at very low moisture levels which prohibits microbii growth. In those 
stepswherewaterisitlrtoduced,softenedwaterisused,andthewnterisremovedinthe 
next process steps by centrifugation and vacuum All processes are undertaken under food 
gradecGMpwmplianceasdesignatedbytheUSFDA.Aureagen~usedduring 
man- are of acceptable grade for food use and are Kosher, as verified by the 
manufizcturer’s Certificate ofAnalysii. Samples ofthe oil are collected at each step ofthe 
processing for analy& ofkey control parameters such as peroxide value, free fatty acid and 
phosphoms w-w and iktlyacid wmposition 

-“‘~~productis~byavarietyofstandardoilq~lalityassaystoensure 
purityandquality,and~itmeetsthe~~nrange~eforeachtestpriorto 
release. The stability of the oils is measured by determining the peroxide value (PV), the 
Primarymeasur ement of oxidation in oils. 

5.2 ARASCO 

5.2.1 NATURAL HISTORY OF M. ALPINA. ARA!XO, the ARA 
enriched single cell oil, is synthesized by a wmmon soil fbngus, Mortierella alpina. 
Fungi are eukaryotic, nonphotosynthetic organisms that have a vegetative structure known 
as a mycelium (a multinucleate mass of cytoplasm enclosed within a rigid, multi-branched 
system of tubes). A mycelium normally arises by the germination and outgrowth of a 
single reproductive cell, or spore. Upon germination, the fungal spore puts out a long 
thread, or hypha, which branches repeatedly as it elongates to form the mycelium. Fungal 
growth is characteristiiy wnfined to the tips of the hyphae. The size of a single 
my&urn is not fixed; as long as nutrients are available, outward growth by hyphal 
extension can continue. Usually, asexual reproduction occurs by the formation of spores, 
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which are pinched off at the tips of the hyphae. The fungi comprise three major groups: 
the Phycomycetes, the Ascomycetes and the Basidiomycetes (22,4). 

All Phycomycetes share two properties that readily distinguish them from the 
remaining classes of fungi. Firstly, their asexual spores are always endogenous, and 
secondly, their mycelium shows no cross walls except in regions where a specialized cell is 
formed from a hyphal tip (nonseptate mycelium). The Phycomycetes include a group 
known as the terrestrial Phycomycetes, which are inhabitants of soil. Mortiereh dpina is 
one of the most common species of the soil inhabiting phycomycetes. It can be easily 
isolated from the soil and has been isolated from soils all over the world (224). Like all 
fungi, Mortierella alpina may be found associated with common root crops and may, 
therefore, be directly in the food chain of many mammals. 

MortiereZZa species have been well studied for many years in isolated laboratory 
culture. The morphology, biochemistry and physiology are well documented in more than 
25 references in the last 20 years. MortiereZZa ulpina has been descrii in Japanese 
publications and patents as a potential source of arachidonic acid and as a consequence, it 
has been more recently the subject of many intensive laboratory investigations (11,158, 
216,230). In none of these recent studies, nor in any earlier studies, has there been any 
report of significant pathogenicity or toxigenicity to humans or animals (79,211) by M. 
alpha. 

Only a few of the thousands of known species of fungi cause human d&eases. In a 
clinical setting involving an already diseased or immunocompromi2zd host, any fungus 
that grows at 37°C could be considered an opportu&tic pathogen (65,220). In 1966, 
Mortierella alpha was reported to be isolated from liver lesions of a calfin New Zealand 
(220) as a secondary infection However, it has been questioned whether this fungus was 
indeed Mortierelh alpina, or some other species of Morlierella. (211). 

Although some Smgal species have been reported to produce mycotoxins, the 
mycotoxin-producing fimgi belong to the class ofDeuteromyco@ which differ clearly 
from the Zygomycetous fungi to which Mortierella belongs (138). There baa never been 
any report of mycotoxin production f?om M alpha or any other of the many species of 
the genus Mortierella . 

5.2.2 ARASCO FERMENTATION PROCESS. The dii in figure 
5.2.2-l pictorially describes the fermentation process for the production of ARASCO- 
containing biomass of MortiereZZa alpina. The M aZpina strain used for production of 
ARASCO originates from ATCC (ATCC # 32222) and has been selected for rapid growth 
and high levels of production of the specific oil. The overall process has recently been 
described in the literature (153). Master seed banks of the production strain are 
maintained under liquid nitrogen conditions at Martek, Gist-brocades and at the ATCC. A 
working seed stock prepared from this master seed bank is also maintained cryogenically. 
Upon initiation of a production run, an individual ampoule from a working seed is used to 
inoculate a shake flask. The medium used to grow M aZpina from the shake fiask to 
production scale contains dextrose (Corn Products), potassium phosphate, (laboratory 
grade) and yeast extract or hydrolyzed vegetable protein (Universal Foods). The cultures 
are transferred to successively larger vessels based on a rise in pH to a ape&&d point. 
Temperature, pH, air flow, pressure, agitation, dextrose concentration, and dissolved 
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oxygen are all monitored and controlled. The culture is harvested based on measurements 
of pH, dextrose concentration, fat content of the biomass, and arachidonic acid content of 
the fat. The culture is harvested by centrifkgation, and the biomass is then vacuum dried. 
The dried biomass is flushed with nitrogen and stored in poly-lined boxes prior to being 
shipped to the oil processing facility or frozen storage facility. 
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Figure 5.2.2-1. Flow chart of the stages of ARASCO fermentation scale-up and 
vacuum drying of the biomass. 

All ingredients used in production are of food grade quality or better. This is 
verified corn the manufacturers Certificate of Analysis and by Martek’s policy of 
procuring ingredients only from verified reputable vendors of food grade quality products. 
In order to maintain kosher certification, Martek must also ensure that ingredients are only 
procured from recognized suppliers of products meeting strict kosher guidelines. The 
Orthodox Union must approve any deviations from this strictly controlled procurement 
source list prior to the introduction of an ingredient into the process from another 
supplier. 

5.2.3 EXTRACTION AND PURIFICATION OF ARASCO. The 
ARASCO oil is extracted from the fungal biomass and processed using methods and 
procedures that have been well established in the edible oils industry. In order to protect 
this ARA-rich oil, which is much more prone to oxidatiin than typii vegetable oils, the 
Martek process has been designed to use the lowest effective tempe@ures and shortest 
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times for each process step, and the oil is continuously protected from oxygen by nitrogen 
blanketing or vacuum. 

The diagram in Figure 5.2.3-l pictorially describes the ARASCO oil processing 
procedure. The oil is first extracted by blending the dried biomass with hexane in a 
continuous extraction process. The miscella (hexane:oil mixture) is separated from the de- 
oiled solids, filtered, and desolventized under vacuum to reduce the volatiles. The crude 
ARASCO is then refined to remove free fatty acids, phospholipids and other impurities. 
The oil is first mixed with phosphoric acid, with heating, and the free fatty acids are 
neutralized by addition of aqueous sodium hydroxide. The mixture is heated and held 
before centrifkgation to remove phospholipids, soaps of free fatty acids or other impurities 
from the refined oil. The refined ARASCO is transferred to a vacuum bleaching vessel, 
where Trisyl600 (activated silica) and bleaching clay are added to adsorb any remaining 
polar materials and pro-oxidant metals and to break down lipid oxidation products. The 
mixture is heated under vacuum and filtered using filter aid. Finally, the oil is deodorized 
under vacuum using a thin film packed tower continuous deodorizer. The deodorized 
.AR4SCO is them diluted to a standard 40% arachidonic acid concmtration by the addition 
of high oleic SuIlflower oil and mixed with antioxidants (mixed natural tompherols and 
ascorbyl pthitate). The oil is packaged in either nitrogen-purged cont&ners and frozen 

,. or vacuun~ paclmged. ,Following analytical release testing, aCertificate of Amlysis is 
generated and included with each shipment. 

5.2.4 PRODUCTION OF MI ALPlh?A BY GIST-BROCADES. In a 
mfiz with Cfkt ~KKW;(G$ Maxtek is also supplied with crude 

&rmenMonprocess employed by GB is 
fhdamentdly similar iiZTZ!fm in Section 5.2.2. The man&&ring process is 
performedinaccordancewitheGMPandKosherrequ&ments. IntheGBprocess, 
aa;rmoniaand~~sulfaeareusedasnitrogensources~ofyeast~or 
hydrolyzed protein. At the end of the fermentation process, the broth is pasteurized to kill 
the production microorganism and to inactivate any enzymes wbieh cot&l degrade the 
finaloilquaIity. Thebrothisthen~~inamembraneGlterprelss,andthecakeis 
washed with process water. The filter cake is squeezed to remove excess water and fed 
into a single screw expander type extruder. The resulting material is then dried with a 
v&rating continuous fluid bed dryer. The dried material is extracted with hexane and the 
crude ARASCO oil is produced upon removal of the residual solvent by evaporation. This 
crude oil is delivered to Martek’s oil processing facility for final puritication according to 
Section 5.2.3 above. Incoming crude oil has to meet certain quality specifications before 
being accepted by Martek. 

5.2.5 PROCESS CONTROLS. All processes are documented according 
to cGMP with CCPs. Laboratory personnel use laboratory notebooks to record the results 
of lab tests and sterility checks, whereas production personnel record the continuous batch 
monitoring results in the batch records themselves, accordii to cGMP. SigHcant 
process-related data points are recorded and plotted on control charts. These data points 
areregularlyrnonitoredandreviewedtoensurethattlaeyarewitbin~~srecognized 
standard processing pammeters. 
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Batch records are maintained and reviewed on a regular basis by Quality Control 
personnel to ensure that they are complete and accurate representations of the production 
process. Quality Assurance personnel monitor the production records to ensure that batch 
process changes have been properly authorized, documented, and recorded in the records 
for each batch. 

Figure 5.2.3-l. Flow chart of ARASCO oil processing. 

The FDA has inspected the manufacturing plant in Winchester, Kentucky on the 
following occasions by the following inspectors: 

October 13,1998 
August 4,1997 
August I, 1996 
July H-17,1996 
Apri~3,1996 
April 4,x995 

Charles R Jody 
Charles R. Jody 
Robert W. Hudson 
Robert W. Hudson 
Charles R. Jody 
Charles R Jody 

None 
None 
None 
None 
None 
None 

Working seed from the master seed culture is shipped to the manufa&uring plant in 
Winchester, Kentucky in one-ml cryopreservation vials, on an as needed basis, from the 
Martek laboratories in Columbia, MD. Each shipment of frozen seed is accompanied by a 
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Certificate of Analysis, which provides product identification and other analytical 
information from laboratory notebook records maintained in Maryland. At the 
manufacturing plant in Kentucky, frozen seed is maintained in liquid nitrogen until thawed 
for use. The thawing of a seed culture vial and the initiation of the seed train is documented 
in laboratory notebooks maintained at the Kentucky plant. 

In-process monitoring of the product for bacteriological contamination is done on a 
continuous basis throughout the fermentation process. Sterility checks are performed daily 
by plating sterile samples of the fermented broth. The plates are cultured and held for 96 
hours. During this time the plates are checked daily for signs of colntamination. Laboratory 
personnel and production operators also routinely visuahy inspect zzunples of the broth 
under the microscope. 

Before harvesting the fermentor, the cultures are microbially evaluated for gram 
negative organisms. If gram negative contamination is confirmed on a plate, the batch is 
terminated and discarded, and the contaminating microorganism is identified internally 
through visual inspection or by tests, or the plates are sent to a private, certified laboratory 
for identi6cation of the contaminant. This process allows identification of the likely source 
of the contaminant (air, water, etc.) so that the source can be eliminated. Cultures are also 
rejected ifother organisms, identified inthe plate assays, have smly altered 
established growth parameters or overgrown the algal culture. EGxh harvested batch is 
isolated until the plates made from the harvest time samples have been held for 96 hours and 
examined. 

Temperature, pressure+ and fIow rates are monitored and controkd within tight 
fspehfications throughout the oil extraction and processing stages. The oil is ma&&red 
under nitrogen atmosphere or under vacuum to protect it tiom oxidation. The majority of 
the processing is done at very low moisture levels which prob.&its microbii growth; in those 
stepswfherewateris~~~softenedwaterisused,axadthewaterisremovedinthe 
nextprocessstepsbycentr%qationandvacuum. AnprcKmesmundertakenunderfood 
grade cGMP compliance desiited by the US FDA. All reagents used during 
man- arc of amptable grade for food use and Kosher, as verified by the 
manufacturer’s Certificate of Analysis. Samples of the oil are collected at each step of the 
processing for analysii of key control parameters such as peroxide value, f& fatty acid and 
phosphorous concentrations, and f&y acid composition. 

The final product is analyzed by a variety of standard oil quality assays to ensure 
purity and quality, and that it meets the specification range value for each test prior to 
release. The stability of the oils is measured by determining the peroxide value (PV), the 
primary measurement of oxidation in oils. 

6. RELEASE SPECIFICATIONS AND BATCH ANALYSIS. 

The release specifications for ARASCO and DHASCO and the Certificates of 
Analysis for these oils are shown in Fiies 6-l and 6-2. Current production lots of 
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ARASCO and DHASCO are standardized to approximately 40% ARA and DHA,- 
respectively, prior to packaging. This is accomplished by diluting the final deodorized 
product with high oleic sunflower oil (HOSO). The HOSO is >80% oleic acid (18: l), so 
depending on the amount of dilution required, the fIna percentage of 18: 1 in the oil can 
vary within a fairly wide range. 

Due to the final production process used for the ARASCO and DHASCO oils (a 
high vacuum deodorization step at over 200 degrees C) the volatile solvents used in 
processing are no longer present in the final product at significant levels. However, for 
verification purposes, several lots of oil produced at Martek’s Kentucky plant were tested 
for residual hexane used in both the DHASCO and ARASCO processes. DHASCO lots 
produced between May and September 1997 and the ARASCO 1ot.s produced in March of 
1997 were used in the analyses. Samples were stored frozen in polyethylene bottles prior 
to analysis. None of the samples showed detectable amounts of this solvent (detection 
limit < 0.3 ppm). 
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CERTIFICATE OF ANALYSIS 
DHASCO* 

Lot Number 8800000220 

Physical Descrirdion Conforms 

Appearance: 

Color: 

Antioxidants: 

Clear, free flowing liquid at 40 C 

Yellow-dark orange 

0.025% ascorbyl palmitate, 0.025% tocopherols 

Yes 

yes 

yes 

s Chemical Ana ses Units 

Docosahexaenoic Acid 

Docosahexaeuoic Acid 

Eicosapentaenoic Acid 

Free Fatty Acids 

Peroxide Value 

Moisture and Volatiles 

NoasaponifiableS 

Insoluble Impurities 
Trans Fatty Acids 

% 40 45 

‘wk 380 420 

% 0.1 

% 0.4 

meqfltg 5 

% 0.1 

% 3.5 

% 0.1 

% 35 

42.85 

407.5 

co.1 

0.15 

co.1 

0.02 

1.93 

< 0.01 

k.0 

.._ Elemental Anahges 

fdmenie 

cadttlillm 

chtomium 

we= 

Mm 
Molybdenum 

Nickel 

Phosphorous 

Silicon 

Sulfilr 

Ppm 

wm 

PP . 

Ppm 

mm 

mm 

PPm 

wm ‘ 

PPm 

mm 

wm 

0.5 

02 

02 

0.1 

0.5 

02 

0.04 

02 

02 

0.2 

10 

500 

100 

< 0.5 

co.1 

co.1 

< 0.02 

0.02 

KO.1 

< 0.01 

< 0.04 

< 0.05 

co.1 

Analysis Completed By: Central Analvtical Laboratories, Inc. 

Analytical Release By: 
Product Release By: 

Date: 6/21/W 

_ 

rev. 6/21/99 

Figure 6.1. Certificate of Analysis for release of DHASCO. 
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CERTIFICATE OF ANALtYSIS 
ARASCO@ 

LotNumber 8700000242 

Appearance: 

Color: 

Antioxidants: 

Clear, free flowing liquid at 40 C 

Light-medium yellow 

0.025% ascorbyl palmitate, 0.025% tocopherols 

Yes 

yes 

yes 

Chemical Analyses Units Minimum Maximum Results 

Arachidonic Acid 

Arachidonic Acid 

Eicosapentaenoic Acid 

Free Fatty Acids 

Peroxide Value 

Moisture and Volatiles 

Nonsaponifiables 

Insoluble Impurities 

Trans Fatty Acids 

% 38 44 42.96 

m&A 380 4201 409 
% 0.4 co.1 
% 0.4 0.11 

meq/kg 5 0.41 
% 0.1 0.03 
% 3.5 1.36 

% 0.1 < 0.01 
% 3.5 <I 

Manganese 

Mercury 

Molybdenum 

Nickel 

Phosphorous 

Silicon 

Sulfilr 

iv 
PPm 
mm 
PPm 

PPm 
wm 
PPm 

mm 

wm 

PPm 

wm 

wm 

0.5 

0.2 , 

0.2 

O-Ii 

O.!i 

02 

0.04 

0.2 

0.2 

0.:2 
10 

5010 
100 

< 0.5 
co.1 

<0.1 

< 0.02 

0.04 

x0.1 

< 0.01 

< 0.04 

-z 0.05 
co.1 

<l 

280 
7 

Analysis Completed By: Central Analvtical Laboratory 

Analytical Release By: 
Product Release By: 

Date: 9/l 5/98 rev. 10/21/98 . 

Figure 6.2. Certificate of Analysis for release of ARASCO. 
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7. SAFETY STUDIES 

7.1 ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION 
(ADME). DHASCO and ARASCO are triglyceride oils, and the ADME of triglyceride 
oils is well known. Regardless of the source of fat or oil, triglycerides represent the 
principal source of dietary lipid for humans. A general review of the ADME of tits and 
oils can be found in standard biochemistry textbooks (168, 184). The main points are 
presented below: 

Absorption. Ingested triglycerides are generally emulsified in the stomach and 
upper intestine (duodenum) where they are mixed with bile salts and enzymatically 
hydrolyzed by pancreatic lipase. The pancreatic lipase has a high (degree of specificity for 
the Sn-1 and Sn-3 positions of the triglyceride, and the digested triglycerides are generally 
absorbed by the intestinal mucosa either as free fatty acids or as the Sn-2 monogIyceride. 

Disttibutim. The intestinal mucosal cells absorb the free fhtty acids and Sn-2 
monoglycerides and ‘Yetailor” these components into new triglycerides and phospholipids. 
Triglycerides accumulate in large 1 mm droplets contain& about 88% triglyceride, 8% 
phospholipid, 3% cholesterol ester, and l-2% protein (apolipoprotein B-48) which are 
.ejected from the gut mucosal cells by exocytosis as chylomicrons (CM+ These CMs are 
too large to cross the basement membranes of capiUaries, so they (enter the large-pored 
lacted (lymph) vessels and leave the intestine with lymph via the thoracic duct before 
beiidumpediutoveuouscirculatioa TheCMs arethentagg&vithApoEandApoC 
following an interaction with circulating BDL. This makes the CMs vulnemble to attack 
by vascular lipoproteiri lipase, which hydrolyses the tri@yccride, releasing individual f&y 
acidstothetissucsformetabolism. CM ~~resOrbedbytheliver,viatheApoE 
receptor. Excess fat and ApoB-100 (+ApoE and ApoC!) results iu VLDL synthesis in 
liver. vLDLisalsoattackedbylipoproteinlipase,providing~~acidstothetissues. 

Metaboh. Fatty acids are building blocks for new lnembmmaswellasellergy 
rich fuel sources for cellular metabolism. In adipose cells, for example, the free fatty 
acids, produced by lipoprotein lipase, are retailored to triglycerides and stored as fat 
-(triglyceride) for later use. Most of the fatty aci@ in tissues throughout the body, 
however, are oxidized by the well-known f&oxidation pathway to produce 2-carbon 
substrates for the Kreb’s cycle. The Kreb’s metabolic cycle produces CO, and reducing 
power in the form of NADPH. NADPH is then oxidized in the mitochondria to produce 
ATP, releasing two electrons (added to 0, to make H,O). The ATP produced in this way 
provides energy for all cellular functions. 

&cretkm The lipids consumed during a meal are virtually all metabolized and 
excreted as carbon dioxide and water. In cases of malabsorption due to certain 
pathologies (eg., pancreatic insufficiency, short bowel, etc.), the triglycerides may not 
even enter the body and are excreted in the SHOOTS. 

ADME of DAASCO andARASC0 specifiy. DHA is absorbed in a manner 
similar to triglycerides found in other dietary fats and oils. A number of human studies 
have demonstrated the bioav&Glity of the DHA and ABA from DHASCO and 
ARASCO in normal adults (63,131,165,186,239) as well as in patients with various 
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metabolic disorders (69,98, 122). Bioavailability is generally observed by the elevition of 
levels of DHA and ARA in red blood cells and/or serum phospholipids after dietary intake 
of the triglycerides DHASCO and/or ARASCO. Makrides et. al. (165) have also 
demonstrated bioavailability of DHA from dietary DHASCO in lactating women by the 
elevation of DHA in their breast milk lipids in a linear, dose dependent fashion with 
respect to the intake level. Both DHA and ARA are found circulating in the blood either 
as constituent parts of the erythrocyte membranes (i.e., as membrane phospholipids), or in 
a non-cellular form as either triglyceride or serum phospholipids. In a recent study with 
human infants and using the metabolic balance method, Carnielli et. al. (5 1) demonstrated 
that about 80% of the DHA and ARA is absorbed when provided in a formula in the form 
of DHASCO and ARASCO. This value was identical to the absorption rates of ARA and 
DHA from the triglyceride in human milk. Starting with a 13C-labeled DHASCO, 
Sauerwald et. al. (209) have also shown that DHA is taken up from the gut, transported 
through the vasculature, and ultimately appears in the breast milk of lactating women at 
rates that were not &rent from any other fatty acids. These data are similar to those 
reported by Croset and coworkers (66) who also used 13C-labeled DHASCO to study the 
metabolic fide ofthe DHA in both rats and humans. 

DHAanadARAaredistrr’butedthroughoutthebody,butarefoundinhigher 
concentrations in specific tissues such.as brain, eye, testes, and heart. Studies in both rats 
(27,150) and mice (245) have indicated that the former three tissues are resistant to 
changes in fhtty acid composition ia mature animak+ even when provided with very large 
doses of DJXA or AIU. Other tissues such as liver, red muscle, cardiac muscle, and 
adiposecanvaryinDHAandARAcontentoverawiderange,dependingonthe 
circulating levels of these %tty acids. This characteristic, however, is not unique to DHA 
andARA,butissimilarforotherf&tyacidsaswelL 

.7.2 METABOLISM AND BIOTRANSFORMATION. The metabolism of DHA 
and ARA is somewhat ciifkmt from other dietary fats. Whereas most 16- and 18-carbon 
dietary iids are catabolized completely to CO& H20 and energy, the catabolic rate of 
ARA, and partictily DHA, is very slow under most circumstances. Furthermore, free 
ARA can act as a precursor for lipoxygenase or cyclooxygenase reactions producing 
various omega-6 eicosanoids (eg., thromboxane A& prostaglandin E2, etc). One might 
expect that the very slow catabolic rate of DHA would lead to its accumulation in the 
body. Such an accumulation is reflected in the elevation of tissue contents of DHA when 
the body mass is not changing (i.e., in adults). In a growing infarxt, on the other hand, the 
body mass is also increasing at a rapid rate, so even the maintenance of tissue DHA and 
ARA levels requires constant input of these components from the diet. The problem of 
declining tissue DHA and ARA levels iu infants fed formulas without supplemental DHA 
and ARA is well known and was previously discussed in Section 2. 

The biosynthesis of long chain polyunsaturated &tty acids (LX-PUFAs -- greater 
than 18 carbons in length) involves both the sequential additiin of two-carbon units to an 
18-carbon precursor, and the activity of A5- and A6deWumses (Qure 7.2). The 
desaturation steps are thought to be rate limitii in this process. The 18-carbon, essential 
fatty acids precursors to ARA and DHA are linoleic acid (LA) and alpha linolenic acid 
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(ALA), respectively. The last steps in the biosynthesis of DHA have recently been 
demonstrated to be quite unique. A 24-carbon, hexaene precursor (C24:6(~6,9, 12, 15, 18, 
21)) is transported into the peroxisome and, through one step of beta oxidation, the 22- 
carbon DHA (C22:6(~4,7, 10, 13, 16, 19)) is formed (244). 

Omega-6 Omega-3 
LA C 18:2 (9,12) C 18:3 (9,12,15) ALA 

+ zI6-DESATURASE + 

GLA C 18:3 (6,9,12) C 18:4 (6 9 12,15) .~~_ _ _ _ ~. _ ._ ._. . . ~ - _ - _ ~. - -. - .-.- ~.. .-.- _ _ . 
4 

_ 2 ..‘- - -- ._ - __ - - __. 
ELONGASE 

: DGLA C 20:3 (8,11,14) 

4 

C 20:4 (8,11,14,17j 
AS-DESATUR4SE 4 

IARA C 20:4 (5,8,11,14) 

L - ---- - - - -. 

C 20:5 (5,8,11,14,17) EPA : 
ELONGASE ,_._ __. _ ___.._ -...-.-.-.- - .-..._L 

C 22:4 (7,10,13,16) C 22:5 (7,10,13,ll6,19) 

4 ELONGASE 4 

C 24:4 (9,12,15,18) C 24:5 

4 

(9,12,15,18,21) 
A6-DESATURASE 

4 
C 24:5 (6,9,12,15,18) C 24:6 (6,9,12,15,18,21) 

Peroxysome 4 B-OXIDATION i 
C 22:5 (4,7,10,13,16) C 22:6 (4,7,10,13,16,19) DHA 

Figure 7.2. The omega-6 and omega-3 fatty acid biosynthetic pathways. 

Different mammalian species have different abilities to form DHA from the 
essential fatty acid precursor ALA (204). Mammals that rely strictly on plant material for 
sustenance (eg, Muscus) have no access to preformed DHA in the diet, and are generally 
quite effecient at the conversion of ALA to DHA. On the other band, some animals that 
are obligate carnivores (eg., felines) have no ability to convert ALA to DHA and rely 
completely on preformed DHA in the diet for brain development (191). Humans have 
some ability to convert ALA to DHA, but only at a slow rate. This makes it difficult to 
find an accurate model for assessing the neurological consequences of the presence or 
absence of preformed DHA in the diet. Most clinical investigators have, therefore, 
analyzed the consequences of total omega-3, or omega-6, deficiencies for extrapolating to 
the human condition. 

Few measurements have been made in man to assess abilities to elongate and 
desaturate ALA to DHA, or LA to ARA in viva Studies looking at the effect of dietary 
limitations (or excesses) of omega-6 and/or omega-3 fatty acids can provide a partial 
answer. Only through the use of stable isotopically-labeled precursor fatty acids, 
however, can accurate measurements of elongation and desaturat.ion be made. 
Unfortunately, there have been very few of the latter studies (33,52, 108, 146,205,210). 
With particular reference to infants, however, the data seem clear and consistent. Neither 
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preterm nor full term infants have the ability to elongate and desaturate dietary precursors 
to the extent needed to match the tissue accretion rates of babies receiving preformed 
DHA and ARA delivered in their mother’s milk. This conclusion comes from three basic 
observations: 

1) in every study (36 reported) where the blood lipids of a breast-fed baby is 
compared to a standard formula fed baby, the circulating DHA and ARA levels 
are significantly lower (typically 50% lower) in the formula-fed infants in spite 
of excesses of the precursors LA and ALA in the formula (see Table 2.1- 1); 

2) studies looking at DHA accretion in the brain tissues of infants post mortum 
have demonstrated that the DHA contents of the brains of standard formula-fed 
infants was much lower than those of breast-fed infants (97, 136); and 

3) using stable isotope precursors, researchers demonstrated that the fractional 
synthetic rate for DHA in a human infant is far too slow to account for the 
required accumulation of DHA in the brain (205). In this case, the required 
accumulation is established by the gold standard of breast-fed babies. 

The above three observations clearly indicate that LA and ALA are not adequate 
precursors for the ARA and DHA demands of a newborn infant. Fu&ermore, unless 
preformed AIL4 and DHA are added to an in.& formula, one cannot expect to achieve 
normal rates of DHA and ARA accretion in the tissues, especially the brain and eyes, of 
that infant. Although we cannot definitively say that a slow rate of DHA auxetion in the 
brain of an int$nt will have long term subtle neurological consequences, several recent 
wel&cmtrolled studies support this possi’bi. ConsequentIy, it seems Prudent to provide 
a nutritional source that matches the DHA and ARA accretion rates of the normal breast- 
fed infhnt rather than risk any unknown consequences of significantly SIowing this 
accretion rate. 

7JRETROCONVERSION OF DHA INTO EPA Retroconversion is an 
enzymatic process whereby long-chain fatty acids are converted to their related shorter- 
chain fhtty acids through the incremental removal of two-carbon units firorn the molecule. 
This process is similar to beta-oxidation, but in this case, the reaction stops after the 
removal of two or four carbons. The two-carbon units are removed from the carboxyl end 
of the fatty acid leaving the methyl end (omega) intact, so fatty acids Corn the same family 
are synthesized by this process. Thus, 22:4n-6 is thought to be retroconverted into ARA 
(20:4n-6) and erusic acid (22: 1 n-9) into 20: 1 n-9. 

The retroconversion of DHA into EPA, however, is more complicated. It involves 
the removal of a double bond at the A4 position in addition to the removal of a two- 
carbon unit (i.e., C22:6 is converted to C20:5). Consequently, there is some controversy 
as to whether the elevation of EPA levels seen during supplementation of DHA is really 
due to the retroconversion of preformed DHA into EPA, or simply due a feedback 
inhibition of DHA biosynthesis at a point beyond EPA, thereby resulting in a build up of 
EPA as an intermediate in the pathway. 

Whether or not the biochemical mechanism involves retroconversion or feedback 
inhiiion, clinical data have established that iarge oral doses of DIIA consumed by 
humansandanimalsleadtoan &ease in circulating EPA levels (8,27,63,64,186,239). 
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In experiments feeding [ 13C]-labeled DHA, Brossard et al. (34) reported that labeled EPA 
and DPAn-3 were synthesized starting from IabeIed DHA. Although this seems to support 
the hypothesis of retroconversion, these authors calculated from their data that the 
conversion rate to EPA in humans receiving normal dietary levels of DHA was vanishingly 
small (only about 1.4%). In contrast, they also reported that. rodents in the same 
experiment exhibited a much higher intrinsic rate of DHA retroconversion to EPA 
(maximum of 9%). The human clinical data available to date further indicates that the 
apparent retroconversion rate of DHA into EPA appears to be dramatically dependent on 
the amount of DHA in the diet. Holub and colleagues, for example, calculated that at very 
high chronic oral doses in humans (>1.2 g DHA/day), the apparent retroconversion rate 
could be as high as 12% (63,64). 

High levels of EPA may perturb the ARA balance in infants, and in one early 
clinical study using a high EPA fish oil supplementation, the high EPA levels resulted in 
slower growth in preterm infants (47). Thus, the possibii of retroconversion of DHA 
into EPA could be of concern For this reason, only DHA sources with minimal levels of 
EPA (preferably no EPA) have been recommended for the supplementation of infants 
formulas. Once again, however, we should look to human milk as the gold standard. 
DHAis~~providedtoagn>winginEantintheformofhumawmigrsoif 
retroconversion was taking place in in&nts, it is the natural process. Nevertheless, several 
clinical studies withpreterm and fbll term in&u& have been comple$ed and provide us with 
theempiricalanswer. The very low levels of DHA used in supplemented infant formulas 
(<1.0%off&yacids)orinmother’smilk,donotresultinanysignifkxnt&reasesin 
EPAintheplasmaorredbloodcellswhentheSU~l~usedintheformulaswasa 
mixture of DHASCO and AWSCO (22,53,61,91). 

In cmclusion, there is no concern over elevation of serum EPA Levels when infants 
are fed formulas supplemented with both DJWSCO and ARASCO at levels comparable 
withthoseinhumanmilk. 

7.4 NONSAPONIFLABLE FRACTION. The nonsaponifiable f?actions of 
DHASCO and ARASCO represent only a small fraction of the ovetrall mass of the oils 
(i.e., typically no more than 1.5% of the total oil mass), and are a mixture of several minor 
components. Like most nonsaponifiable fractions from vegetable oils, these components 
are predominantly sterols. The sterols horn the nonsaponifiable fractions of DHASCO 
and ARASCO have been fractionated and analyzed by two independent laboratories, and 
the results are provided in Tables 4.1-3 and 4.2-3. The values given in these tables are in 
general agreement with values reported in the literature. Some of these sterols, such as 
desmosterol, are already known to be in an &t’s diet via its n&her’s milk (141). 4- 
Methyl sterols are normal intermediates in cholesterol biosynthesis, and humans have the 
enzymatic capabii to convert 4-methyl sterols into 4desmethyl sterols like cholesterol 
(93,116). Microalgae such as C. cohnii are commonly found in the food web of filter 
feeders like mollusks (eg., oysters and clams), W (eg., shrimp and lobster), and 
certain fkh, and therefore, these sterols can also be found in such animals. As a result, 
these sterols have been in the human food chain, both directly and indirectly, ever since 
manwas eating marine foods. 
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Since there have been no literature reports on the effects of consumption of such 
4-methyl sterols directly, a feeding study was undertaken using a high concentration of the 
nonsaponifiable fraction of C. cohnii in rats. This study compared ,the effects of 
consuming a high concentration of the nonsaponifiable fraction from DHASCO with the 
nonsaponifiable &action of soybean oil, which contains predominantly sitosterol(l5 1). 
Although sitosterol is known to inhibit the re-uptake of cholesterol from the gut, the 
nonsaponifiable diction of DHASCO did not show a similar effect. Furthermore, when a 
very large portion (0.5% by weight) of the diet of rats was comprised of this 
nonsaponifiable fraction, there was no adverse effect on growth, general physiology, or 
the gross organ morphology in the recipient animals. The study concluded that there were 
“no toxicological effects on the rats of consuming up to 0.5% of their diet in the 
DHASCO nonsapo@ables”. This dose would be equivalent to giving the rat a diet 
containing about 50% by weight pure DHASCO. 

7.5 TOXICOLOGICAL STUDIES (NON-HUMAN). A large number of safety 
tests have been conducted on ARASCO and DHASCO oils by several different 
organizations. As a result, there is a large degree of redundancy in the standard 
toYcicobgical-. This redundancy allows for anunprecedented and extremely 
valuable assessment of these oils. The studies include in vitro genotoxicii assays and a 
variety of animals studies, such as acute, subchronic, developmental and multiienerational 
reproductive studies. Since these components represent macronutrients, all studies 
included appropriate positive as well as negative controls. All studies reported herein 
were cmducted in Good Laboratory Practice (GLP)-compliant laboratories following 
guidelines outlined by the FDA in Toxicological Principles for the safe@ Assessment of 
Direct Foal Addirives and Color Additives Used in F&, comumnly referred to as 
RedbookI,orfiromtheirdraftRedbookII. Theaudited tammark f?om each toxicology 
studyappearinAppendbr4. onlythes~cantfMingswillbeplresentedhere.These 
data have also been reported in a number of publications and izedbyKyleand 
Arterbum (154). 

Attheoutset,itisimportanttorecognizethatDHAsCO~ARAsCOare 
macronutrien& not micronutrients, vitamins, or drugs. Safety testing of macronutrients 
poses several problems (26). For example, it is often diicult to distinguish whether an 
observed response is related to a toxicological effect of the test material, or due to a 
dietary deficiency of some other component caused by the use of such large amounts of 
the test macronutrient in the diet. Clearly, one cannot achieve safety margins of greater 
than 50-fold for a macronutrient that comprises more than 2% of the diet. Finally, when a 
macronutrient test material is added to the diet at a very high dose, one must carefully 
distinguish a truly toxicological response due to the test material from a normal 
physiological response resultii from the high dietary load of that particular 
macronutrient. For example, is the elevation of serum cholesterol iin a human who 
changes their diet from one containing 25% of dietary calories as $ti to one with 45% of 
dietary calories as fat a toxicological response to the particular fat .used, or a normal 
physiological response to increasing total dietary fat? With this caveat, the toxicological 
studies completed on DHASCO and ARASCO are summarized below. 
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7.5.1. ACUTE TOXICITY STUDIES. Several studies have shown that at 
acute oral doses of 20 grams of DHASCO or ARASCO/kg body wt in rats, there were no 
deaths (Table 7.5.1). Soft stools were typically noted in the first day, but all animals 
gained weight during the two-week post-dosing period. Soft stools are a normal and 
expected consequence of a large, single dose of any fatty substance, and it was not 
considered to be an adverse event. Since no animals died, acute oral LD50 values could 
not be determined, but based on the lack of toxicity in the tests, they were greater than 20 
g/kg body wt/day for each oil. 

Table 7.5.1. Acute toxicity studies with DHASCO and ARASCO in Rats. 

DHASCO Martek 20 015 015 >20 gkg bw (27) 
DIlAsCO Martek 20 Of5 oi5 >20 @kg bw (1W 
C cohnii algal Momaw Martek 7 o/5 015 >7&bw (103) 
C aohdi biomam MEUtek 7 o/5 o/5 >7glkgbw uw 
D&@id&dCCOh?Iii Martek 10 Of5 015 >lO g&g bw ww 

MOM 
DeklpidatedoIgdbio~ Mtutek 6 Of5 o/5 %&bw (105) 

Martek 

Mtutek 
Gist-brocades 

Martek 

20 015 015 >20 g/kg bw (27) 
20 o/5 o/5 >20 g/kg bw v-w 
18.2 o/5 o/5 ~18.2 @g bw (117) 

5 O/5 w5 >5 gikgbw (W 
4 o/5 o/5 >4@kgbw UW 
5 o/5 015 >S@kgbw (107) 

7.5.2 SUB-CHRONIC (28-63 DAY) TOXICITY STUDlES. In several 
independent studies, DHASCO or ARASCO was administered by gavage, or as a dietary 
admixture, daily for 28 or 63 days using doses of 0.025 to 9.4 grams of test material /kg 
body w&y (Table 7.5.2). The No Adverse Effect Levels (NOAHL) were the highest 
doses tested for each individual oil during the specific study (up to 2.5 g oil/kg body 
wt/day for ARASCO and 1.25 g/kg bw/day for DHASCO) and for the combined oils (up 
to 9 g/kg body wt/day). At the highest dose levels there were some recurrent findings (see 
section 7.5.9), but these were not considered to be adverse effects of the test material 
because they were not accompanied by changes in histology or clinical chemistry. Rather, 
they were considered normal physiological responses to high doses of polyunsaturated 
fatty acids and to the use of artificial diets in some cases. 
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Table 7.52. Sub-chronic (28 to 63 day) oral safety studies with DHASCO and ARASCO 
in Rats. 

ARASCO/DHASCO ARASCO/DHASCO Wyeth Ayerst Wyeth Ayerst 1.2 1.2 63 days in the diet; 63 days in the diet; Not toxic Not toxic 
AS:1 blend AS:1 blend 10 rathe~dose 10 rathe~dose 

DHASCO Martek 1.25 

ARASCO Martek 2.5 

ARASCO Gist-brocades 3 .O 

ARASCOLl?HASCO Martek 3.75 
2:l blend 

ARASCOLDHASCO Mead 9.119.4 
2:I blend Johnson 

28 days by gavage; No toxic (27) 
5- 10 rats/sex/dose 

28 days by gavage; Not toxic (27) 
5-10 rats/sex/dose 
28 days by gavage; Not toxic (117) 
10 rats/sex/dose 
28 days by gavage; Not toxic (27) 
5-10 rats/sex/dose 
28 days in the diet; Not toxic (247) 
10 rats’sex/dose 

Algal biomass Martek 5 28daysindiet, Not toxic (249) 

7.5.3 SUB-CHRONIC (90-DAY) STUDIES. DHASCO and ARASCO 
were administered by gavage or as a dietary admixture for 90 days at doses up to 8.9 
grams of test material/kg body wt/day with 20 rats per sex per dosing group. The No 
Adverse Effect Levels as determined following a critical evaluation of the data by the 
study site toxicologists, were the highest doses tested for each material in all studies (up to 
2.5 grams of ARASCO and 1.25 grams DWCO per kg bw per day and up to 8.9 g/kg 
body wt/day for combined oils) except for the Gist-brocades study (see Table 7.5.3) (8, 
36,150). A NOAEL of 8.9 gm/kgMay (about 6 grams ARASCO and 3 grams of 
DHASCO) represents at least a 60-fold excess of this macronutrient from the intended use 
level of ARASCO, and a SO-fold excess horn the intended use level of DHASCO. At the 
highest dose levels, there were some findings (see section 7.5.9) that were not considered 
to be adverse test material because they were not accompanied by changes in histology or 
clinical chemistry. Rather, they were considered normal physiological responses to high 
doses of polyunsaturated fatty acids and to the use of artificial diets in some cases. Some 
of these studies also involved detailed assessments of neurotoxicity (8, 143) as outlined by 
the FDA Redbook II Guidelines, and other studies also involved an in utero 
supplementation phase (36). 

7.5.4. CHRONIC TOXICITYKARCINOGENICITY STUDIES. Based 
on in vitro toxicological information (see Section 7.5.6) and knowledge of the 
macronutrient nature of the test material, it was determined that chronic 
toxicity/carcinogenicity studies were not necessary for this nutrient. 
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Table 7.5.3. Sub-chronic 90-day toxicity studies with DHASClO and ARASCO in 
Rats. 

DHASCO Martek 1.25 

DHASCO/ARASCO Numico 2.0 
blend 

ARASCO Martek 2.5 

DHASCO/ARASCO Wyeth Ayerst 2.5 
1. S:Z blend 

ARASCO Gist-brocades 4.9 

DHASCO/ARASCO Mead 8.9 
2:Z blend Johnson 

Algal biomass Martek 5.8 

gavage, full neurotox Not toxic 63) 
assessment 
in diet Not toxic (113) 

gavage, full neurotox Not toxic (150) 
assessment 
in diet Not toxic (88) 

in diet, in utero phase, Not toxic (157) 
full Ileurotox assessment 
in diet, in utero phase, Not toxic (36) 
till1 Ileurotox assessment 
in diet, fbll neurotox Not toxic (225) 

7.5.5 REPRODUCTIVE/DEVELOPMENTAL TOXICOLOGY 
STUTMES. Developmental toxicology studies were conducted with DHA!KO and 
ARASCO administered by gavage (Table 7.5.5). There were no adverse developmental 
effects at the doses tested as determined by the independent study site toxicologists. 

Table 7.5.5. Developmental and reproductive toxicity studies with DHASCO and ARASCO 
in Rats. 

25Isexldose 
AZUSCO Developmental Martek 2.5 ffdvage Not toxic (7) 

25isexidose 
Algal biomass Developmental Maltek 4.3 in diet Not toxic (242) 

2O/sex/dose 
Algal biomass Reproductive Martek 8 in diet Not toxic (241) 

7.5.6 GENOTOXICITY STUDIES - IN VITRO. The test materials were 
determined to be neither mutagenic, clastogenic, nor genotoxic through a number of 
standard in vitro mutagenicity tests (Table 7.5.6) when tested with and without in vitro 
metabolic activation using rat liver microsomal S9 fractions. 
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Table 7.5.6. In vitro genotoxicity studies with DHASCO and AXASCO. 

DHASCO AMES 
DHASCO Forward 

mutation 
DHASCO Chromosomal 

aberration 
ARASCO AMES 
ARASCO Forward 

mutation 
ARASCO Chromosomal 

aberration 
Algal biomass AMES 
Algal biomaw Forward 

MlIthKl 
Algal biomass Chromosomal 

Aberration 

l OO-5,000 q/plate Not mutagenic 
750-5,000 @ml Not mutagenic 

1250-5,000 ug/ml Not clastigenic 

l OO-5,000 @plate Not mutagenic 
750-5,000 @ml Not mutagenic 

1250-5,000 @ml Not clastogenic 

33-5,000 q/plate Not mutagenic 
30-1,000 ug/ml Not mutagenic 

50-1,000 ug/ml Not clastogenic 

(28,291 
(28,291 

(28,29) 

(28,291 
(28,291 

(28,291 

(156) 
(57) 

(177) 

7.5.7 SPECIAL STUDIES. Tests for potential dinoflagellate toxins were 
conducted even though there is no indication from historical data that this species 
produces any toxins. DHASCO was given by intraperitoneal injection to mice at doses as 
high as 10% of the animal’s body weight without toxicological activity. Analytical and 
biochemical tests for specific dinotlagellate-related toxins in the DHASCO oil were all 
negative. In addition, no endotoxins were identified in studies using the complete biomass 
as a test material when provided intraperitoneal injections of up to 1.25 g/kg”. 

7.5.8 SlVDIES WITH WHOLE ALGAL BIOMASS. In addition to 
studies on the oil product produced using the production process outlined in Sections 5 
and 6, a further level of safety testing was undertaken using the intact, unprocessed 
biomass directly as a food component. In such an ins&xx, all available potential toxicants 
would be imposed on the animals. When fed in doses as large as 7 g/kg bw/d, the biomass 
showed no acute toxicity (Table 7.5.1). At a sub-chronic dose of 5 g/kg bw/day for 28 
days, the biomass likewise showed no toxic indications (Table 7.5.2). More extensive 
developmental and multigenerational toxicology tests were also undertaken with the intact 
biomass (Table 7.5.5). At a dose of 8 g biomassikg bw/day in the diets of rats, there were 
no dose-related toxicological findings in reproductive parameters, over three generations. 
Since these products are intended for use in the perinatal period, additional developmental 
toxicity testing was completed at doses of 4.3 g biomasskg bwklay and there were again 
no test material related toxicological findings at that dose. Finally, the intact biomass also 
revealed no mutagentic or clastogenic effects using in vitro assays (Table 7.5.6). In 
conclusion, not only does the processed oil show no toxicological activities of concern, 
but the parent biomass itself is equally free of toxicological findings. 

Is Notice of a Claim of Exemption from Premarket Approval, submitted to th.e Office of Fremarket 
Approval, Food and Drug Administration by Wyeth Ayerst Laboratories on August 27, 1998. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 58 

7.5.9 RECURRENT FINDINGS - RELATIVE ORGAN WEIGHTS. Out 
of thirteen’6 sub-chronic toxicity studies completed on these oils, five indicated a 
statistically significant increase in relative liver weights at the highest doses of ARASCO 
or ARASCO/DHASCO blends (Table 7.5.9-l). Because the findings were not consistent, 
nor was there any accompanying changes in liver histopathology or abnormally high levels 
of liver enzymes in the serum, the independent study pathologists separately, and 
unanimously, concluded that these were not adverse toxicological findings. 

Because this phenomenon mght be considered an important toxicological finding, a 
detailed, simultaneousevaluation of the thirteen sub-chronic studies was undertaken to 
gain a better understanding of the relevance and consistency of this finding. A careful 
simuhaneous evaluation of the liver-related clinical chemistries in all studies did not reveal 
any consistent dose-dependent effects. All trials contained both low lht and high f&t 
controls, although the choice of control ti source varied (corn o& soybean 0% canola oil, 
and high oleic Sunnower oil). The high tit control was necessary to dk@uish 
physiological responses to a high fat diet hm specific test material related phenomena. 
(The total fat load in these studies were generally two to three times the normal level 
found in standard rat chow.) In addition, synthetic diets were used. in some studies while 
others used standard chow, some mixed the oils dinxtly into the diet, and others provided 
theoilsbygavageataspecificdosebascdonanimalweight. Asaresult,thetrials 
represented a broad qxxtrum of designs, although the numbers of animals of each sex and 
multiple-dose approaches were generally consistent with FDA Redbook guidelines. 
Aithoughsomestudiesreporte4iastatisticaIlysignificant increase inthe liver weights 
relative to body weights compared to high fat controls, uone ofthe meanr&tive liver 
weights were outside the historical normaI range (shaded bar in Figure 7.5.9-l). 

Pathologists &o noted a slight to moderate vaqolization (accumuMon of lipid) 
insome,butnotaU,ofthebighdose~ groups,buttheiucidenceofthisGnding 
was not diflkrent thin the high fist control group and was attributed to the high fat diet or 
the use of synthetic diets with high &t and carbohydrate, as has been previously reported 
in the literature (62, 120, 169,214). No other Estopathological changes (i.e., necrosis, 
etc.) were observed consistently in any of the groups, and there were no consistent 
changes in clinical chemistry that would suggest toxicity. Three studies reported a ’ 
decrease in albumin levels and/or total protein levels, but this finding was not consistent 
across studies, nor did the changes parallel increases in liver weighlts within or across 
studies. 

I6 Excluding Wyeth 63day and Numico 90day studies for which detailed data was not available. 
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Table 7.5.9-l. The Effect of Dietary Supplementation With DHASCO and/or 
ARASCO at various doses (mg/kg/day) on the Relative Liver Weights (% of body 
weight) of Male and Female Rats. 

2s I 3.511 I I 
50 I I 3.63 I I I I I I I -- I -- 

.24 I A, , 
i 

Values in yellow represent the results of 13 separate toxicological studies; Highlighted values are 
statistically different from controls. Tox study labels indicate sponsor (MK, Martek; MJ, Mead Johnson; 
W, Wyeth/Aye&; GB, Gist-brocades), duration (28 or 90 days), and test material (D, DHASCO; A, 
ARASCO; F, DHASCO+ARASCO; fo, fish oil). H, high fat control. 
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A Females 

I I I I I I 

1 2 3 4 5 6m 

DHASCO + ARASCO @g/day) 

Figure 7.5.9-l. Changes in relative liver weights in rats with chronic consumption of 
DHASCO and ARASCO. Shaded area represents the historical control range. 
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A comprehensive survey of the published literature revealed that significant 
increases in relative liver weights in rats (75, 175, 176, 219, 223,254,256), mice ](I, 70), 
Guinea pigs (179), and rabbits (199), following consumption of high doses of long chain 
polyunsaturated fatty acids (mostly from various fish oils, including Menhaden oil which 
has already been affirmed by the FDA as GRAS for many food uses) has been well 
established. The salient features of these studies are provided in Table 7.5.9-2. 
Regardless of the source of the PUFA, this table indicates that there is a consistent 20- 
40% increase in relative liver weights in response to the feeding of test fish oils at levels of 
3-5% of the diet as LC-PUFA (sum of EPA + DHA). In this respect, DHASCO and 
ARASCO are no different. Table 7.5.9-3 presents a summary of the ,results of the 
toxicology studies preformed on DHASCO and ARASCO, in a manner that they can be 
compared directly to the literature values in Table 7.5.9-2. In most cases, the doses of 
DHASCO and ARASCO were lower than those for the fish oiI, and there were no 
significant increases in relative liver weights at these low levels. Where doses equivalent 
to the fish oils in Table 7.5.9-2 were used (eg., Mead Johnson studie:s), responses similar 
to those reported for the fish oils were observed. Thus, we conclude that the increase in 
relative liver weights seen in some studies where very high levels of DHASCO or 
ARASCO were used, is consistent with a well established effect of the PUFAs themselves, 
and are not due to some unknown component unique to these oils. The f&t that the same 
observation is noted for ARASCO, DHASCO, and various fish oils, all oils of completely 
different biological origin and composition (except for the PUFAs themselves), argues 
strongly that this is a PUFA effect independent of the source. 

Table 7.5.9-2 Effect of Dietary Fish Oils on Liver Weights of Small Mammals 

(4) 

(173) 

(256) 
(223) 

(176) 
(255) 

Menhaden 
Cod liver 
Menhaden 
Sardine 
Cd liver 
Menhaden 
Sardine 
Cod liver 
Menhaden 
Sardine 
Cod liver 
Menhaden 
Sardine 
Cod liver 
Menhaden 
Omega 
Pharma 
fish oil 
Menhaden 
M&PA 

Rats, male 

Lard 
Lard 
Lard 
Lard 
Lard 
Lard 
Lard 
Lard 
Lard 
Lard 
Lard 
Lard 

safflower 
coarnut/ 

safllower/ 

tallow 

Corn 
safllower 

3.5 
3.2 
3.5 
5.1 
3.2 
3.5 
5.1 
3.2 
3.5 
5.1 
3.2 
3.5 
5.1 
3.2 
3.4 
0.1 
0.2 
0.3 
4.8 
6 

18 

” Estimated from information on energy percent of fat. 
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Rats, male, 
lean 
Rats, mate, 
obese 
Mice, female 
Mice, male 

(76) 

(219) 

(175) 

EPA-EE 
DHA-EE 
Fish oil 
Menhaden 

Menhaden 

(1) DHA-EE 
DHA-EE 

(70) Salmon 

Palmitic 
Palmitic 

Corn 
Coconut 
Safflower 
Coconut 
Safflower 
Safflower 

Low fat 
chow 

Ghea pigs, 
male 

Rabbits, female 

(18’3 

W) 

Menhaden 
seal 
Shark liver 
Menhaden 

COIll 

N 

4 
10 
10 
10 
10 
8 
8 

0.4 
2 
3 

4.5 
4.5 
4.5 
129 
129 
129 

l.32 1.3 
17 4.4 
18 3.6 
18 3.6 
18 3.6 
18 3.6 
1 I 
1 1 
10 5.3 

10 
10 
10 

141o 
7m 

o.7m 

2.0 
1.3 
2.0 
4.0 
2.0 
0.2 

13 4 
29 14 
18 17 
13 13 
18 
3 
-4 
nr 
N 
N 
N 
N I 

nr - not reported. 
Shading indicates a significant difference betwen control and treated groups. 

Table 7.5.9-3 Effect of DHASCO and ARASCO on Liver Weights of Rats 

DHASCO HOSO 4 l-II9 0.41 4 1 2 0 
ARA!SCO HOSO 4 2.3= 1.1 13 3 10 2 
Formulaid HOSO 4 3.3n 1.5 18 14 16 14 

(150) Ausco HOSO 13 3.3= 1.8 3 10 gm 
i@ . DHASCO HOSO 13 1.7= 0.9 1 0 4 -3 
(.?I Formulaid Canola 4 6.0 2.6 11 0 

12 5.3 7 7 

(36) Formulaid Canola 13 6 2.8 

WWh srudy, Formulaid SOY 13 3.3 1.0 8 2 4 12 
unpubtished 
Gist-brocades study, AlUSCO Corn 4 3.5 1.2 4 -2 4 5 
umublkhed ARASCO + FO 5.7 1.13 7 2 9 10 
G;FI-brocades study, ARASCO Corn 13 7.5n 3.0 2 8 -2 9 

13.0p II ubitshed np ARASCO + FO 

HOSO - high oleic sunflower oil; FO --fish oil. 
Shading indicates a significant difference between control and treated groups. 

I8 Estimated from food intake and average weights based on oils being gavaged at 1 @gbw/day. 
I9 Oil administered by gavage. Doses were calculated using animal weights and food intakes. 
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Why do high doses of dietary LC-PUPAS, regardless of the !source, lead to 
increases in relative liver weight? The literature offers several possible explanations. 
Polyunsaturated fatty acids are welI known to down-regulate lipogenesis (fat 
biosynthesis), thereby slightly decreasing the total body weight without affecting lean body 
mass. This is often difficult to detect in a growing animal and, in fact, no signiticant 
change in growth was seen as a consequence of the treatment oils in any of the trials. If 
there was a reduction in total body fat as a result of the PUPAS in the diet, then other 
organs should also show an increase relative to body weight. Organ to organ weight 
ratios, therefore, are a better measure of specific changes in an organ under these 
circumstances. Indeed, liver:brain weight ratios in these studies reveal that there is no 
longer an observable effect of dose on liver weights in twelve of the thirteen studies (Table 
7.5.9-4). The hypothesis that the change in relative liver weights is due to a reduced 
l&genesis and body fat content would be consistent with the lack of histological or 
clinical chemical evidence for any liver toxicity. Literature reports also note that PUPAS 
are genera& metabolized in the liver and the increased liver size in response to high doses 
of PUPAS, simply represents a natural hypertrophy of this organ to handle the increased 
metabolic load imposed upon it by the high doses of PUPA. 

Table 7.5.9-5. The Effect of Dietary Supplementation With DHASCO and/or 
ARASCO at various doses (mg/kg/day) on the Liver/Brain wt Ratio in Male and 
Female Rats. 

Males 
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Female 

Values in yellow represent the results of 13 separate toxicological studies; Highlighted values are 
statistically different knn controls. Tox study labels indicate sponsor (MK, Martek; MJ, Mead Johnson; 
W, Wyeth/Ayerst; GB, Gist-brocades), duration (28 or 90 days), and test material (D, DHASCO; A, 
ARASCO; F, DHASCO+ARASCO; fo, fish oil). H, high fat control. 

While carellly assessing liver weights, we also looked at changes in any other 
organ weights. No dose-related responses were found with any of the other organs except 
spleen. Like the liver, relative spleen weights were increased in only some of the studies, 
and the increased spleen weights were found only in the high dose groups. The spleen 
weight data are shown in Table 7.5.9-5 and Figure 7.5.9-2. Once again, the spleen weight 
changes were all well within the historical normal values, and there were no consistent 
dose-related responses. Furthermore, there were no significant changes when comparing 
spleen/brain weight ratios. With no associated histopathology or alterations in clinical 
chemistry, we again have no reason to disagree with the pathologists’ reports that these 
findings are not adverse events. In many of the studies listed in Table 7.5.9-2, the authors 
also reported an increase in relative spleen weight in addition to the increases in relative 
liver weight. Again, the observation is made using equivalent doses of PUFA, regardless 
of the source of that PUFA, establishing that this is a PUFA-related phenomenon, and is 
independent of the carrier oil itself. 
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Table 7.5.9-5. The Effect of Dietary Supplementation With DHASCO and/or 
ARASCO at various doses (mg/kg/day) on the Relative Spleen Weights (% of body 
weight) of Male and Female Rats. 

Values in yellow represent the results of 13 separate toxicological studies; Highlighted values are 
statistically different fi-om controls. Tox study labels indicate sponsor (MK, Martek; MJ, Mead Johnson; 
W, Wyeth/Ayerst; GB, Gist-brocades), duration (28 or 90 days), and test material (D, DHASCO; A, 
ARASCO; F, DHASCXhARASCO; fo, fish oil). H, high fat control; XX, values not measured. 
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Figure 7.5.9-2. Changes in relative spleen weights in rats with chronic consumption 
of DHASCO and ARASCO. Shaded area represents the historical control range. 

In conclusion, the administration of high doses of ARASCO, DHASCO or fish oil 
(more than 2 g/kg/day) to rats in a subchronic fashion can modestly increase liver and 
spleen weights relative to body weights. This effect largely takes place within a few 
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weeks of administration of the high levels of the PUFAs. Regardless of the source of 
PUFA (i.e., DHASCO, ARASCO, or fish oil) the magnitude of the response was similar 
when using similar levels of PUFA, and consistent with other reports in the literature with 
a wide variety of different fish oils. Thus, the relative liver and spleen weight changes 
appear to be a generalized LC-PUFA effect, and is not specific to (either of the single cell 
Oils. 

The GRAS status of DHA and AM is not the subject of tbis SelfafXrmation, 
although this Panel cannot see how these PUFAs can be anything other than GRAS as 
they have been present in the diet (even in breast milk) as long as the evolutionary history 
of mankind. Rather, these genuine PUFA-related effects need to taken out of the 
consideration when establishing the safety of the sources of PUFA (i.e., DHASCO and 
ARASCO) themselves. Since the DHA and ARA levels are defined by the intended, 
controlled use levels of the oils, the calculated safety margins should reflect the safety 
relative to the sources of the oils rather than the PUFF themselves. For these reasons, 
we do not disagree with the various independent toxicologists conducting the saf%ty 
studies in their interpretations that the NOAEL for the oils themselves represent the 
highest doses used in these studies. Such levels represent &eater than a SO-fold excess 
over the intended use levels and are values for this macronutrient that would not he 
physically attainable in any suskned k&ion. 

7.6 PUFA POTJ3KM.L FOR OXIDATION. All polyunsaturated Mty acids are 
prone to oxygen radical attack. Such an interaction results in lipid peroxides that can 
cause severe injury to biological membranes. Nevertheless, the best nutritional source for 
ahuman~isits~~g~llliikwhicheff~e~deliveRsDHAandARAduring 
early growth and development. Lipophilic antioxidants such as CaKotenoids or tocopherols 
exhibit a rema&abk ability to prevent oxidative damage to biological e In 

r many cases,?heselipophilic~antioxidants act in concert with hydrophilic antioxidants such 
as ascorbic acid and -one. One antioxidant of major importance in the protection of 
oxidative damage within the cells is a large protein known as superoxide dismutase 
(SOD). 

Infants, particularly preterm infants, are notoriously susceptiile to metabolic 
disruptions caused by oxidative attack. Such pathologies as necrotizing enterocolitis 
(‘WC), bronchopulmonary dysplasia (BPD), and retinopathy of prematurity (ROP) are all 
thought to be aggravated by oxygen in pretem infants. Since human milk contains DHA 
and ARA, albeit at relatively low concentrations, one might expect apriori that human 
milk feedings might exacerbate the oxidation problem. On the contrary, however, it has 
long been known that these conditions generally occur at a lower frequency in in&&s who 
are receiving human milk (i.e., with DHA and ARA) compared to those on artificial 
formulas. Recent biochemical evidence from several laboratories helps us to understand 
this phenomenon. It has been shown that when LC-PUFAs are incorporated into ceUular 
membranes, there is a stimulation of the production of SOD (193,194). Thus, the 
antioxidant status of an infant fed human milk may actually be better than that of a 
formula-fed infant because of the stimulation of the SOD by the DHA and AM in the 
milk. 
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The above biochemical evidence explains why eliminating DHA and ARA from the 
diet of infants, particularly preterm infants, may put them at higher risk for oxidation 
dependent pathologies such as NEC, BPD and ROP. This has been recently confirmed in 
an animal model for NEC by Caplan et al. (38). Those authors demonstrated that the 
incidence of NBC was significantly lower in rats fed formulas containing DHA and ARA 
(using the DHASCO and ARASCO as sources) than in rats fed formulas containing no 
DHA or ARA. This has also been confirmed in human infants by Carlson and colleagues 
(42) using egg yolk as a source of DHA and ARA. In her controlled clinical study, 
infants who received standard preterm infant formula had an incidence of NEC of 18%, 
whereas the incidence was reduced to only 3% if the babies were given a formula that was 
supplemented with DHA and ARA. About 4,000 babies die each year in the United States 
as a result of NBC (35). Extrapolating Carlson’s data to all U.S. babies, the inclusion of 
DHA and ARA into the formulas could substantially reduce the morbidity and mortality 

- associated with this disease. 
We conclude, therefore, that ifDHASC0 and ARASCO are provided to infants at 

the GRAS levels (i.e., DHA and ARA up to 1 .O% of total milk I’& lipids), no oxidative 
in.. would be expected. In tit, based on laboratory and clinical evidence, it is quite 
likely’tbattbe addition ofDIM and AM to fbrmulas at these levels (similar to breast 
milk) may well reduce the incidence of oxidative damage in predisposed in&nts because of 
the stimulation of intracellular antioxidants such as SOD. 

There have been a number of reports involving the supplementation of the diets of 
various mamma&m species including mice, rats, pigs, cats, dogs, monkeys and baboons 
with DHASCO and/or ARASCO. We are also aware of ongoing (or unpublished studies 
witbhamst~ cows, horses, and chickens. Some of these studies are tabulated and . 
summamd in Appendix 1. Dosages used ranged from levels normally expected to be 
usedasa~-supplement,doseswhereinthetotalfat-intakeoftheanimalwas 
comprised solely of DHASCO or ARASCO. None of these studies were designed as 
toxicology studies such as those descrii in Section 7, but rather, each of the 
investigators studied the effects of enriching tissue levels of DHA and/or ARA on a 
particular physiological response in a selected animal model. DIHSCO and/or AR&CO 
are now commonly used as the dietary source of DHA and/or ARA by researchers 
because they are the most concentrated and purest sources available for use in such 
studies. These studies, in total, represent a very large experience base of dietary treatment 
of many different mamma&n species with DHASCO and ARASCO, and there have been 
no suggestions Tom these reports of any toxicological or safety issues with these oils. 
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9. CLINICAL SMJDIES 

9.1 INFANT STUDIES. ARASCO and/or DHASCO oils have been the subject 
of at least 14 well-controlled clinical intervention trials involving approximately 1500 term 
or preterm infants, with over 700 of the infants receiving DHASCO and/or ARASCO oils 
(22,41,61,91,96, 112, 121,236). These trials are summarized in Appendix 2. All of 
the trials analyzed blood lipids (either erythrocyte or plasma phospholipids) and growth as 
primary endpoints. In all cases, the supplementation of DHASCO and ARASCO resulted 
in an improvement of the circulating DHA and ARA status of the infant equivalent to that 
of a breast-fed infant and no study had any adverse effect on infant growth. One trial (61) 
was of particular interest in this respect because it involved the comparison of various 
doses of DHASCO and ARASCO to optimize the blood lipids of the infants. Other 
functional endpoints were also studied in a few cases. In contrast to prelimixuy reports of 
a reduced growth rate when using an EPA-containing (f%h oil based) formula (45,203), 
none of the studies reported reduced growth. In fact, two studies using 
DHASCO/ARASCO supplemented formulas report increased growth in the supplemented 
formula-fed infants (41,77). As discussed in section 2.7, reduced growth rate in the fish 
oil trials may have been due to EPA, which is always present in fish oils, and the lack of 
added ARA to the fbrmulas. 

S-ant- improvements in visual and mental acuity have also been reported when 
infants were fed DIIASCO/ARASCO supplemented formulas. Visual acuity 
impn>vementswerereported~O~~~~ooonelineinaneyecbartat-oneyearofage 
(22). Mental acuity improvements in the same study were seven IQ points at 18 months 
ofage, as determined by a Bayley MDI 8SSeSSmenfzo. In one premm study (112) where 
visualacuitywasassessedbutnosignitican~imnrov~~wereobserved,theauthors 
explain that &e lack of a &tistically @i&ant response was likely due to the short. 
duration of the supplemem&on (ca. only 4 weeks during the in-hospital stay). Another 
%udy-did anextensive anal@ of potential adverse events and the: only-@tisticalIy 
significant observations were that the DHASCO/ARASCO- supplemented formula-fed 
ix&ants experienced less anemia and less nervousness or irrhabii (88,109,236,237). 
Although these would generally be categorized as beneficial aspects of the supplemented 
formula, the incidence levels were low and these were not primaqf-endpoints ofthe study. 

Finally, we were compelled by the data which indicates that infants fed standard 
formula had significantly altered blood biochemistry and a deficiency in visual and 
neurological functional assessments compared to breast-fed controls. Post mortem 
examination of the brains indicated brain DHA deficiencies as weIll (86, 164). Although 
the DHASCO/ARASCO-supplemented, formula-fed babies had significantly better 
functional outcomes than the standard formula-fed infants, they were never better than the 
breast-fed infants. Thus, re-supplying the DHA and ARA via the formula (using DHASCO 
and ARASCO) at the levels provided in breast milk is sufficient to overcome these 
deficiencies and the problems or biochemical abnormal&s caused by feeding infants with 
a standard formula. 

z” Presented by Dr. Birch at the Workshop of reference (2 17) and it is also in press (reference 2 1) 
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9.2 OTHER CLINICAL STUDIES. There have been at least 29 well-controlled, 
clinical intervention trials reported with adults, adolescents, or children wherein DHASCO 
and/or ARASCO have been used at various dose levels and for various periods of time 
(over 30 publications). These trials and relevant publications are summarized in Appendix 
3 (note that some of these trials have led to multiple publications pertaining to various 
aspects of the trial). With respect to the safety of these oils, we have placed importance in 
the studies by Nelson (53, 136), since they were undertaken under the highly controlled 
environment of a metabolic ward by the United States Department of Agriculture. 
Furthermore, these studies used particularly high levels of supplementation - 3 g 
ARASCO per day (ca. 5% of daily fat) in the first trial (185), and 15 g DHASCO per day 
(ca. 25% of daily fat) in the second trial (187). A vast amount of data were gathered on 
the subjects (10 publications to date from these two studies). It was clear that the levels 
of DHA and AR4 were significantly elevated in these subjects (i.e., the material was 
bioavailable) and there were no reported adverse responses to the treatments. The other 
studies listed in Appendix 3 represent a cross section of healthy men, women and children 
of all ages, women who were pregnant or nursing, individuals with certain dietary 
restrictions (i.e., vegetarians), and individuals with pre&st.ing metabolic disorders, 
including hyperlipidemia, retinitis pigmentosa, long chain hydroxyacylCoA dehydrogenase 
deficiency, ADHD, etc. The Nelson studies, in combination with the other studies using 
lower doses, provide additional evidence that the dietary supplementation of adults with 
DHASCO and/or ARASCO at the levels of 2-3 grams of oil per day would be generally 
rewgnizedassafkbyexpertsinthe~ld. 

10. COMMERCIAL USE OF DHASCO AND ARASCO 

Since1995,ir;fkntfonrmlaswntainingDHAscOaadcu;~cOhavebeen 
commercially produced and marketed around the world At the lpresent date, preterm 
formulas supplemented with DHASCO and ARASCO are available in at least 64 countries 
(Table 3.2). Full term formulas contain& DHASCO and AIQGK!O are available in seven 
countries around the world. Although many of these countries did not require major 
safety evaluations and marketing approvals before commercialization, other countries, 
such as the UK, France and The Netherlands, did require an extensive evaluation before 
official approval to market the products was granted. We estimate that over 500,000 
babies have now been fed formulas containing DHASCO and ARASCO, and there have 
been no reported adverse events associated with these products. This includes about 1,500 
babies involved in 14 published and unpublished controlled clinical trials where even minor 
adverse events would have been carefully scrutinized (see Appendix 2). One company, 
Wyeth Ayerst, has been following their product launches with careful postmarket 
surveillance. Their specialty low birth weight formula (liquid and powder) is presently on 
the market in 56 countries around the world including Mexico, Austmha, France, and the 
United Kingdom (Table 3-2). It has been on the market in some of these countries since 
1997. This formula is provided under the careful supervision of doctors and the Company 
conservatively estimates that over 100,000 babies of most races, cuhures and both sexes 
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have consumed the DHASCO/ARASCO supplemented formula and there has not been a 
single adverse event reported by the physicians. 

Since 1997, DHASCO has also been commercially produced and marketed as a 
dietary supplement for adults (including women who are pregnant or lactating) in the 
United States under the tradename NeurominsB. Neuromins is a. soft gelatin encapsulated 
form of the triglyceride DHASCO and is marketed by several difl’erent distributors in the 
US (Table lo- 1). To date, the Company has sold over 35 million capsules for 
consumption. This product is primarily marketed in the United States, but it is now also 
available in Canada, Europe and Southeast Asia. We estimate that well over 500,000 
individuals have consumed this product. To date there have been no adverse events 
reported to the Company with reference to the use of this product. This includes the 
nearly 20 well-controlled clinical trials where the appearance of any adverse events were 
carefully monitored (see Appendix 3). 

The large numbers of individuals (infants, children and adults) who have consumed 
the commercial products containing DHASCO and/or ARASCO with no reported adverse 
effects provides additional support for the establishment of GRAS status for this product 
at the normal use levels. 

Table 10-l. Commercial Products in the United States Containing DHASCO. 

Martek 

Soigar 
Source Naturals 

Nature’s Way 
Solaray 
BioDynamw 
Whole Foods 
Vitamin Shoppe 
Your Life 
Puritan’s Pride 
Omega Nutrition 
Natrol 
Safeway Select 
Royal Body Care 
IUL 
Healthcom 
Great Circles 

Neuromins PL 
Neuromins for Kids 
NeurOmiIlS 
NeurOmiIlS 
Neuromins 
Focus Child 
Ne-momins 
NeUrOUlhS 
Neuromins 
Ncxuomins 
Neuromins 
Neuromins 
Neurom ins 

Neuromins 
Neuromins 
Neuromins 

EyeQ 
Neuromias 
UltraCare for Kids 

Recovew 

5(KT nig soil gel (200 rng DHA) 
250 mg soft gel (100 mg DHA) 

500 mg soft gel (100 mg DHA) 

500 mg soft gel (100 mg DHA) 
500 mg sofi gel (100 mg DHA) 
500 mg soti gel (200 mg DHA) 
Chewable vitamin 
500 mg soti gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 
500 mg sofi gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 

500 mg sotI gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 
500 mg soft gel (100 mg DHA) 
Liquid Drop 
Drink mix 

Bars and Drinks 
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Il. CONCLUSIONS. 

Based upon a critical evaluation and analysis of the information available on DHASCO 
and ARASCO, as summarize d herein, the Panel has determined that these oils, derived 
from the referenced algal and fungal sources, meeting food grade specifications and 
produced according to current Good Manufacturing Practices (cGMP; 21 CPR 182.1) to 
be Generally Recognized as Safe (GRAS) by scientific procedures for use in 
supplementing the diets of infants and children at levels of 2.5% of dietary fat (1% of the 
diet by mass or 150 mg DHASCO (or ARASCO)/kg per day). 



GRAS Panel Evaluation of DHASCO and ARASCO Page 73 

REFERENCES 

1. Adan, Y., K. Shiita, N. Weihua, Y. Tsuda, M. Sato, I. Ikeda, and K. Imaizumi. 1999. 
Concentration of serum lipids and aortic lesion size in female and male apo-E- 
deficient mice fed docosahexaenoic acid. Biosci Biotechnol Biochem. 63:309-13. 

2. Agostoni, C., S. Trojan R. Bellu, E. Riva, M. G. Bruzzese, and M. Giovannini. 1997. 
Developmental quotient at 24 months and fatty acid composition of diet in early 
infhncy: a follow up study. Arch Dis Child. 76:421-4. 

3. Agostoni, C., S. Trojan R. BelIu, E. Riva, and M. Giovannini. 1995. 
Neurodevelopmental quotient of healthy term infants at 4 months and feeding 
practice: the role of long-chain polyunsaturated fatty acids. Pediutr Res. 38:262-6. 

4. Alexander, D. W., S. 0. McGuire, N. A. Cassity, and K. L. Fritsche. 1995. Fish oils 
lower rat plasma and hepatic, but not immune cell alpha-tocopherol concentration. 
J Nutr. 125:2640-g. 

5. Anderson, J., B. Johnstone, and D. J. Kyle. 1996. Meta-analysis of the effect of breast- 
feeding on neurodevelopmental scores. In AOCS PUFA in Infant Nutrition 
Meeting, Barcelona., Spain 

6. Anderson, J., B. Johnstone, and D. J. Kyle. 1996. Meta-analysis of the e&ct of breast- 
. . feeding on neurodevelopmental scores. In AOCS PUFA in Infbnt Nutrition 

Meeting, Barcelona, Spain. 
7. Arterburn, L. M., K. D. Bosweh, S. M. Henwood, and D. J. Kyle. 2000. A 

developmental safiety study in rats using DHA-and AU-rich single cell oils. Food 
and Chemical Toxicolog&&mitted). 

8. Arterbum, L. MI., K. D. Eoswell, E.-K. Koskelo, S. L. Kassner, C. Kelly, and D. J. 
Kyle. 1999. A Combined Subchronic @day) Toxicity and Neurotoxicity Study of 
a Single Cell Source of Docosahexaenoic Acid Triglyceride (DHASCO oil). Food 
and Chemical Tmiology. (in press). 

9. Auestad, N., M. B. Mont&o, R T. Hall, K. M. Fitzgerald, R E. Wheeler, W. E. 
Connor, M. Neuringer, S. L. Connor, J. A. Taylor, and E.. E. Ha&nann 1997. 
Visual acuity, erythrocyte fatty acid composition, and growth in term infants fed 
formulas with long chain po-ed fatty acids for one year. Ross Pediatric 
Lipid Study. Pediatr Res. 4 1: 1 - 10. 

10. Babin, F., P. Sarda, D. Bougle, C. Billeaud, S. Mazette, N. Combe, A. Nouvelot, B. 
Descomps, B. Entressangles, A. Crastes de Paulet, and F. Mendy. 1999. 
Longitudinal multicentric study of plasma and red blood cell fatty acids and lipids 
in preterm newborns fed human milk. Biol Neonate. 75:285-93. 

11. Bajpai, P. D., P. Bajpai, and 0. P. Ward. 1991. Productio of Arachidonic Acid by 
Mortierella alpina ATCC 32222. Journal of Industrial i&ficrobiology. 8: 179-l 86. 

12. Baur, L. A., 0. C. J, D. A. Pan, A. D. Kriketos, and L. H. Storlien. 1998. The fatty 
acid composition of skeletal muscle membrane phospholipid: its relationship with 
the type of feeding and plasma glucose levels in young children. Metabolism. 
47:106-12. . 

13. Beam, C. A., and M. H&es. 1984. Dinoflagellate Genetics. In Dinoflagellate Genetics. 
D. L. Spector, editor. Acaemic Press, Orlando. 263-298. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 74 

14. Beam, C. A., and M. Himes. 1987. Electrophoretic Characterization ofMembers of 
teh Crypthecodinium cohnii (Dinophyceae) species complex. J. Protozool. 34:204- 
217. 

15. Beam, C. A., R.-M. Preparata, M. Himes, and D. L. Nanney. 1993. Ribosomal RNA 
sequencing of Members of the Cryphecodinium cohnii (Dinophyceae) species 
complex: Comparison with Water Soluable Enzymes. J Euk. Mcrobiol. 40:660- 
667. 

16. Beijers, R. J., and A. Schaafsma. 1996. Long-chain polyunsaturated fatty acid content 
in Dutch preterm breast milk; differences in the concentrations of docosahexaenoic 
acid and arachidonic acid due to length of gestation. Early Hum Dev. 44:215-23. 

17. Bellu, R 1997. Effects of a formula supplemented with LC-PUPA on growth and 
anthropometric indicies in infants from 0 to 4 months a prospective randomized 
trial. J Amer Co11 Nutr. 16:490. 

18. Bemardini, R, A. Chiarenza, A. E. Calogero, G. P. W., and G. P. Chrousos. 1989. 
Arachidonic acid metabohtes modulate rat hypothalamic corticotropin-releasing 
hormone secretion in vitro. Neuroendocrinology. 57:708-715. 

19. Bikaud, C., D. Bougle, P. sarda, N. Con&e, S. Mazette, F. Babii B. Entressangles, 
B. Descomps, A. Nouvelot, and F. Mendy. 1997. Effects of preterm infant formula 
suppIementation with aIpha-linolenic acid with a Iinokateklpha-linolenate ratio of 
6: a multicentric study. Eur J Clin NW. 51:520-526. 

20. Birch, E., D. Birch, D. Ho&ran, L. Hale, M. Everett, and R TJauy. 1993. Breast- 
fdi and optimal visual development. J Pediatr Ophthalmol Strabismus. 30:33- 
8. 

21. Birch, E. E., S. Garfield, D: Ho&ran, R Uauy, and D. G. Birch. 2000. A Randomized 
Controlled Trial of Early Dietary Supply of Long Chain Polyunsaturated Fatty 
Acids and Mental Development in Term Infants. Dev Med and Child Neural. (m 
press)- 

22. Birch, E. E., D. R Ho&an, R Uauy, D. G. Birch, and C. Prestidge. 1998. Vii 
acuity and the essenfialify of docosahexaenoic acid and arachidonic acid in the diet 
of term infknts. Pediatr Res. 44:201-g. 

23. Bitman, J., L. Wood, M. Hamosh, P. Hamosh, and N. Mehta. 1983. Comparison of 
the lipid composition of breast milk corn mothers of term 
and pretetm i&nt. Am JCZin Nutr. 38:300-12. 

24. Boehm, G., M. Borte, H. J. Bohles, H. Muller, G. Kohn, and G. Moro. 1996. 
Docosahexaenoic and arachidonic acid content of serum and red blood cell 
membrane phospholipids of preterm infants fed breast milk, standard formula or 
formula supplemented with n-3 and n-6 long-chain polyunsaturated fatty acids. Eur 
J Pediatr. 155:410-6. 

25. Boersrnk, E. R, P. J. Conga, F. A. J. Muskiet, W. M. Chase, and I. J. Simmons. 
1991. Vitamin E, lipid fractions, and fatty acid composition of colostrum, 
transitional milk, and mature milk: an international comparative study. Am J Clin 
NW. 53:1197-1204. 

26. Boxzekca, J. F. 1992. Macronutrient substitutes: safety evaluation ReguZ Toxicol 
Pharmacol. 16:253&k 



GRAS Panel Evaluation of DHASCO and ARASCO Page 75 

27. BoswelI, K., E. K. Koskelo, L. Carl, S. Glaza, D. J. Hensen, K. D. Williams, and D. J. 
Kyle. 1996. Preclinical evaluation of single-cell oils that are highly enriched with 
arachidonic acid and docosahexaenoic acid. Food Chem Toxicol. 34:585-93. 

28. Boswell, K. D., T. Lawlor, M. A. Cifone, H. Murli, L. A. Arterburn, and D. J. Kyle. 
2000. In vitro genotoxicity testing of ARASCO and DHASCO oils. Chem Food 
Toxicol. (Submitted). 

29. Boswell, K D., T. Lawlor, M. A. Cifone, H. Murli, L. M. Arterburn, and D. J. Kyle. 
2000. In vitro genotoxicity testing of ARASCO and DHASCO oils. Food and 
Chemical Toxicology:(submitted). 

30. Bright, J. M., P. S. Sullivan, S. L. Melton, J. F. Schneider, and T. P. McDonald. 1994. 
The effects of n-3 fatty acid supplementation on bleeding time, plasma fatty acid 
composition, and in vitro platelet aggregation in cats. J Vet Intern Med. 8:247-52. 

3 1. British-Nutrition-Foundation. 1992. Unsaturated Fatty Acids: Nutritional and 
Pshysiological Signiticance. Chapman $ Hall, London, England. 

32. Broadhurst, C. L., S. C. Cunnane, and M. A. Crawford. 1998. Rit? Valley lake fish and 
shellfish provided brain-specific nutrition for early Homo. Br J Nutr. 79:3-2 1. 

33. Brossard, N., M. Croset, J. Lec& C. Pachiaudi, S. Normand, V. Chirouze, 0. 
Macovschi, J. P. Riou, J. L. Tayot, and M. Lagarde. 1996. Metabolic fate ofan 
oral tracer dose of [ 13C]doco sahememic acid triglycerides in the rat. Am J 
Physiol. 27O:R846-54. 

34. Brossard, N., M Croset, C. Pachiaudi, J. P. Riou, J. L. Tayop, and M. Lagarde. 1996. 
Retroconversion and metabolism of [ 13C]22:6n-3 in httmans and rats after intake 
of a single dose of [13CJ22:6n-3-b&y&ce&. Am JClin Nutr. 64:577-86. 

35. Brown, E. G., and A. Y. Sweet. 1982. N-natal necrotizing ~eroc&tis. Pediatr Clin 
North Am. 29: 1149-70. 

36. Bums, R A., G. J. Wibert, D. A. D&en-S&de, and C. M. KeJly. 1999. Evaluation 
of single cell sources of Doe0 ssahammic Acid and Arachidonie Acid: 3-Month 
Oral Safety Study with an in utero phase. Food and Chemical Toxicology. 37:53- 
59. 

37. Canada, H. a. W. 1998. Racommer&ions for Infant Nutrition. Healthand Welfim 

38. Caplan, M. S., T. Russel, Y. Xiao, M. Amer, S. Kaup, and T.. Jii. 1999. Formula 
Supplemented with Long Chain Polyunsaturated Fatty Acids (LCPs) Reduces the 
Incidence of Necrotizing Enterocolitis (NEC) in a Neonatal Rat Model. Pediatric 
Research. 45: 188A. 

39. Carlson, S. E., R J. Cooke, S. H. We&man, and E. A. ToUey. 1991. Fiirst ye growth 
of pretem infants fed standard compared to marine oil n-3 supplemented formuh. 
Lipids. 27901-907. 

40. Carlson, S. E., A. J. Ford, S. H. We&man, J. M. Peeples, and W. W. Koo. 1996. 
Visual acuity and fatty acid status of term infants fed human milk and formulas 
with and without docosahexaenoate and arachidonate from egg yolk lecithin. 
Pediatr Res. 39~882-8. . 

41. Carlson, S. E., S. Mehra, W. J. Kagey, K. L. Merkel, D. A. Diersen-S&de, C. L. 
Harris, and J. W. Hansen. 1999. Growth and Development of Term Infants Fed 



GRAS Panel Evaluation of DHASCO and ARASCO Page 76 

Formulas with Docosahexaenoic Acid @HA) from Algal Oil or Fish Oil and 
Arachidonic Acid (ARA) from Fungal Oil. Pediatric Research. 45:278A. 

42. Carlson, S. E., M. B. Montalto, D. L. Ponder, S. H. Werkman, and S. B. Korones. 
1998. Lower incidence of necrotizing enterocolitis in infants fed a preterm formula 
with egg phospholipids. Pediatr. Res. 44:49 l-498. 

43. Carlson, S. E., M. B. Montalto, D. L. Ponder, S. H. We&man, and S. B. Korones. 
1998. Lower incidence of necrotizing enterocolitis in infants fed a preterm formula 
with egg phospholipids [In Process Citation]. Pediatr Res. #44:491-8. 

44. Carlson, S. E., P. G. Rhodes, and M. G. Ferguson. 1986. Docosahexaenoic acid status 
of preterm infants at birth and following feeding with human milk or formula. Am J 
Clin Nutr. 44:798-804. 

45. Carlson, S. E., P. G. Rhodes, V. S. Rao, and D. E. Goldgar. 1987. Effect of fish oil 
supplementation on the n-3 &tty acid content of red blood cell membranes in 
preterm infants. Pediutr Res. 21:507-10. 

46. Carlson, S. E., and S. H. We&man. 1996. A randomized trial of visual attention of 
preterm infants fed docosahexaenoic acid until two months. Lipids. 3 1:85-90. 

47. Carlson, S. E., S. II. Werkman, J. M. Peeples, R J. Cooke, and E. A Tolley. 1993. 
Arachidonic acid status correlates with first year growth in preterm in&n& Proc 
NatlAcadSci USA. 90:1073-7. 

48. Carlson, S. E., S. H. We&man, P. G. Rhodes, and E. A. Tolley. 1993. Visual-acuity 
development in healthy preterm infants: effect of marine-oil snpplementation. Am J 
Clin Nutr. 58135-42. 

49. Carlson, S. E., S. H. We&man, and E. A. Tolley. 1996. Effect of long-chain n-3 fatty 
acid supplementation on visual acuity and growth of preterm infant with and 
without hronchopulmonary dysplasia. Am JClin Nutr. 63~687-97. 

50. C+rnielli, V. P., F. Tederzini, I. H. T. LuijendiJk W. E. M. Bomaars, A. Boerlage, H. 
J. Degenhart, D. Pedrotti, and P. J. J. Sauer. 1994. Long chain paved 
fatty acids (LCP) in low birth weight formula at levels found in human colostnun. 
Pediatr Res. 35:309A. 

51. Camielli, V. P., G. Verlato, F. Pederzini, I. Luijend$, A. Boerlage, D. Pedrotti, and 
P. J. Sauer. 1998. Intestinal absorption of long-chain polyunsamrated fatty acids in 
preterm infants fed breast milk or formula. Am JCZin Nutr. 67:97-103. 

52. Camielli, V. P., D. J. Wattimena, I. H. Luijendijk, A. Boerlage,, H. J. Degenhart, and 
P. J. Sauer. 1996. The very low birth weight premature infant is capable of 
synthesizing arachidonic and docosahexaenoic acids from liileic and linolenic 
acids. Pediatr Res. 40:169-74. 

53. Carnielli, V. P., N. Weisglas-Kuperus, F. Pederzini, I. H. T. Luijendijk, A. A. 
Boerlage, D. Pedrotti, and P. J. J. Sauer. 1996. Long-chain, polyunsaturated fatty 
acids (LCPUFA) in preterm formula at levels found in human colostrum. In AOCS 
PUFA in Infant Nutrition, Barcelona, Spain 

54. Champoux, M., J. Hibbeln, C. Shannon, J. D. Higley, N. Salem, and S. J. Soumi. 
1998. Essential fatty acid formula supplementation and neuromotor capabilities in 
nursery-reared Rhesus monkey neonates. In Internation Conference on Infant 
Studies, Atlanta, GA 



GRAS Panel Evaluation of DHASCO and ARASCO Page 77 

55. Chardigny, J. M., R. L. Wolff, E. Mager, J. L. Sebedio, L. Martine, and P. Juaneda. 
1995. Trans mono- and polyunsaturated fatty acids in human milk. Eur J CZin 
Nutr. 49:523-3 1. 

56. Cherian, G., and J. S. Sim. 1996. Changes in the breast milk fatty acids and plasma 
lipids of nursing mothers following consumption of n-3 polyunsaturated fatty acid 
enriched eggs. Nutrition. 12:8- 12. 

57. Cifone, M. A. 1997. Mutagenicity test on spray-dried DHASCO biomass in the 
L5178Y TK+/- mouse lymphoma forward mutation assay: fkal report. Covance 
Study No. 18203-o-43 1. . 

58. Clandinin, M. T., J. E. Chappeh, T. Heim, P. R. Swyer, and C. G. W. 198 1. Fatty acid 
utilization in perinatal de novo synthesis. Early Hum Dev. 5:355. 

59. Clandinin, M. T., M. L. Garg, A. Parrott, J. Van Aerde, A. Hervada, and E. Lien. 
1992. Addition of long-chain polyunsaturated fatty acids to formula for very low 
birth weight infants. Lipids. 27:896-900. 

60. Clandinin, M. T., A. Parrott, J. E. Van Aerde, A. R Hervada, and E. Lien. 1992. 
Feedii preterm infants a formula contaiuing C20 and C22 fatty acids simulates 
plasma phospholipid fatty acid composition of infants fed human milk. lCzrZy Hum 
Dev Nov. 31:41-51. 

61. Clamkin, M. T., J. E. Van Aerde, A. Parrott, C. J. Field, k R Euler, and E. L. Lien. 
1997. Assesment of the efficacious dose of arachidonic aud docosahexaenoic 
acids in preterm infant formulas: fatty acid composition oferythrocyte membrane 
lipids. Pediatr Res. 42:819-25. 

62. Clapp, M. J. L., J. D. Wade, and D. M. Samuels. 1982. Contiol of nephrocalcinosis by 
man&.&ii the calcium phophorus ratio in commercial nodent diets. Laboratory 
Animals. 16:130-2. 

63. Conquer, J. A., and B. J. Holub. 19%. Supplementation with an algae source of 
docosahexaenoic acid incream (fk3)&ttyacidstatusandaltersselectedrisk 
factors for heart disease in vegetarian subjects. J Nutr. 126:3032-g. 

64. Conquer, J. A., and B. J. Holub. 1997. Dietary docosahexaenoic acid as a source of 
eicmapentaenoic acid in vegetarians and omuivores. Lipiak 32:341-5. 

65. Cooper, B. H. 1985. Taxonomy, Classification, and Nomenclature of Fungi. In 
Manual of Chnical Microbiology. E. H. Lennete, A. Balovvs, W. J. Hausler, and H. 
J. Shadomy, editors. American Society for Microbiology Press, Washington, DC. 
495-499. 

66. Croset, M., N. Brossard, C. Pachiaudi, S. Normand, J. Lecerf, V. Chirouze, J. P. 
Riou, J. L. Tayot, and M. Lagarde. 1996. In vivo Compartmental metabolism of 
13C-docosahexaenoic acid, studied by gas chromatography-combustion isotope 
ratio mass spectrometry. Lipia!s. 3 1 :S 109-l 5. 

67. Damli, A., U. von Schenck, U. Clausen, and B. Koletzko. 1996. Effects of long-chain 
polyunsaturated fatty acids (LCPUFA) on early visual acutiry and mental 
development of preterm iafans. In PUFA in Infant Nutrition. 14. 

68. Damli, A., U. von Schenck, U. Clausen, and B. Koletzko. 1996. Influence of long- 
chain polyunsaturated fatty acids (LCPUFA) onearly visual acuity and mental 
development of term infants. PUFA in Infant Nutrition: 12. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 78 

69. Davidson, M. H., K. C. Maki, J. Kalkowski, E. J. Schaefer, S.. A. Torri, and K. B. 
Drennan. 1997. Effects of docosahexaenoic acid on serum lipoproteins in patients 
with combined hyperlipidemia: a randomized, double-blind, placebo-controlled 
trial. J Am Coil Nutr. 16:236-43. 

70. De Craemer, D., J. Vamecq, F. Roels, L. Vallee, M. Pauwels, and C. Van den 
Branden. 1994. Peroxisomes in liver, heart, and kidney of mice fed a commercial 
fish oil preparation: original data and review on peroxisomal changes induced by 
high-fat diets. J Lipid Res. 35:1241-50. 

71. de la Presa-Owens, S., S. M. Innis, and F. M. Rioux. 1998. Alddition of triglycerides 
with arachidonic acid or docosahexaenoic acid to infant fo,rmula has tissue- and 
lipid class-specific effects on fatty acids and hepatic desaturase activities in 
formula-fed piglets. J Nutr. 128: 1376-84. 

72. de Lucchi, C., M. Pita, M. Faus, J. Periago, and A. Gil. 1988. Influences of diet and 
postnatal age on the lipid composition or red blood cell membrane in newborn 
i&&s. Ann Nutr Metab. 32~23 1-239. 

73. Decsi, T., and B. Koletzko. 1995. Growth, fatty acid composiition of plasma lipid 
classes, and plasma retinol and alpha-tocopherol concentrations in full-term infants 
fed formula enriched with omega-6 and omega-3 long-chain polyunsaturaten ibtty 
acids. Acta Paediatr. 84:725-32. 

74. delaPmssa-0wer.q S., and S. M. Innis. 1999. Docosahexaenoic and Arachidonic Acid 
Prevent a Decrease in Dopaminergic and Serotonergic Neurotransm&ers in 
Frontal Cortex Caused by a Linoleic and a-Lilenic Acid Deficient Diet in 
Formula-fed Piglets. J. Nutr. 129:2088-2093. 

75. Demoz, A., D. Asiedu, 0. Lie, and R Berge. 1994. Modulation of plasma and hepatic 
oxidative status and changes in plasma lipid profile by n-3 (EPA and DHA), n-6 
(corn oil) and a 3-this Wty acid in rats. Biochim Biophys Acta. 1199:238-44. 

76. Demoz, A., D. K. Asiedu, 0. Lii, and R K. Berge. 1994. Modulation of plasma and 
hepatic oxidative status and changes in plasma lipid profile by n-3 (EPA and 
DHA), n-6 (corn oil) aud a 3-thia &ty acid in rats. Biochim Biophys Acta. 
1199:238-44. 

77. Diersen-S&de, D. A., J. W. Hansen, C. L. Harris, K L. Merkel, K. D. Wisont, and J. 
A. Boettcher. 1999. Docosahexaenoic Acid Plus Arachidonic Acid Enhance 
Preterm Infant Growth In Essential Fatty Acids and Eicormoids. R A. 
Riemersma, R. Armstroma, R. W. Kelly, and R. Wilson, editors. AOCS Press, 
Champaign, USA. 

78. Dodge, J. D. 1984. Dinoplagellate Taxonomy. In Dinoflagellates. D. L. Spector, 
editor. Academic Press, Orlando. 17-42. 

79. Domsch, D. H. W., W. Gams, and T. H. Anderson. 1980. Compendium of Soil Fungi. 
Vol. 1. Academic Press, London. 

80. Dotson, K., J. Jerrell, M Picciano, and E. Perkins. 1992. Hihg-perfomance liquid 
chormatography of human milk triacylglycerols and gas chromatography of 
comjxment fatty acids. Lip& 27:933-939. 

8 1. Drury, P. J., and M. A. Crawford. 1990. Essential Fatty Acids in Human Milk. In 
Clinical Nutrition of the Young Child. Veveyhven Press, Ltd., New York 289- 
312. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 79 

82. Elliott, K. G., C. L. Kjolhede, E. Gournis, and K. M. Rasmussen. 1997. Duration of 
breast feeding associated with obesity during adolescence. cllbes. Res. 5:538-541. 

83. ESPGAN, C. o. N. 1991. Comment on the content and composition of lipids in infant 
formula. Acta Paediatr Scan. 80:887-96. 

84. FAO/WHO~Expert~Committee. 1994. The role of essential fatty acids in neural 
development: implications for perinatal nutrition. Am J Clin Nutr. 57 
(supp1):703s-710s. 

85. Farquharson, J., F. Cockburn, W. A. Patrick, E. C. Jamieson, and R W. Logan. 1992. 
Infant cerebral cortex phospholipid fatty-acid composition and diet [see 
comments]. Luncet. 340:810-3. 

86. Farqubarson, J., E. C. Jamieson, K. A. Abbasi, W. J. Patrick, R. W. Logan and F. 
Cockburn. 1995. Effect of diet on the fatty acid composition of the major 
phospholipids of infant cerebral cortex. Arch Dis Child. 72: 198-203. 

87. Fidler, N., T. U. Sauerwald, B. Koletzko, and H. Demmehnair.. 1998. Effects of 
human milk pasteurization and sterilization on available f$t content and fatty acid 
composition. J Pediatr Gastroenterol Nutr. 27~3 17-22. 

88. Fields, 0.1998. Notice of a Claim of Exemption &om Premarket Approval, submitted 
to the Office ofI&narket ApprovaI, Food and Drug Admi&ration by Wyeth 
Ayerst laboratories on August 27,1998. . 

89. Finley, D., B. Lonnerdal, K. Dewey, and L. Grir&ti 1985. Breast milk composition: 
fkt content and fatty acid composition in vegetarians and non-vegetarians. Am J 
Clin Nutr. 41:787. 

90. Ford, R P. K, B. J. Taylor, E. A. Mitchell, S. A. Enright, A W. Stewart, D. M. 0. 
Bedcroft, R Scragg, I. B. Has&l, D. M. J. Barry, E. M. Allen, and A. P. Roberts. 
1993. Bma&&&ng and the Risk of Suddent Infan Death Syndrome. Intern. .I 
Epidemiology. 22:885-890. 

91. Foreman-vanDrongelen, M. M., A. C. vanHouwelingen, A. I). Kester, C. E. Blanco, 
T. Hi Hasaa& and G. Horns&a. 1996. Infh~ence of fw art&&formula milks 
containing docosahexaenoic and arachidonic acids on the postnatal long-chain 
poIyunsaturated f&y acid status of healthy preterm i&u&. Br J Nutr. 76z649-67. 

92. Francois, C. A., S. L. Connor, R C. Wander, and W. E. Connor. 1998. Acute effects 
of dietary &ty acids on the fatty acids of human milk. Am J Clin Nutr. 67:301-8. 

93. Gaylor, J. L., and C. V. Delwiche. 1976. Purification of a solulable rat liver protein that 
stimulates microsomal4-methyl sterol oxidase activity. J Biol. Chem. 251:6638- 
6645. 

94. Genzel-Boroviczeny, O., J. Wahle, and B. Koletzko. 1997. Fadty acid composition of 
human milk during the 1 st month after term and preterm d.elivery. Eur J Pediatr. 
156:142-7. 

95. Gibson, R, and G. Kneebone. 198 1. Fatty acid composition of human colostrum and 
mature breast milk. Am J CZin NW. 34:252-257. 

96. Giin, R, M. M&ides, M. Neuman, J. Hawkes, K. Pram& E. Leii and A. Euler. 
1997. A dose response study of arachidonic acid in formulas containing 
docmahexaenoic acid in term infants. Prostaglandins, Le&trienes and Essential 
Fatty Aciak 57~198. 



GRAS Panel Evaluation of DHASCO and ARASCO 

97. Gibson, R. A., M. A. Neumann and M. Makrides. 1996. Effect of dietary 
docosahexaenoic acid on brain composition and neural function in term infants. 
Lipids. 31:S177-81. 

98. Gilliigham, M. B., M. D. Milk, S. C. Vancalcar, J. N. Verhoeve, J. A. Wolff, and C. 
0. Harding. 1997. DHA supplementation in children with long chain 3- 
hydroxyacyl-CoA dehydrogenase deficiency. 7th International Congress oflnborn 
Errors of Metabolism: 108. 

99. Glaza, S., M,. 1997. Acute oral toxicity study of fungal biomass in rats: final report. 
Covance Study No. 70403367. . 

100. Glaza, S. M. 1007. Acute oral toxicity study of high S DHASCO in rats: final 
report. Corning Hazleton Study No. 61204198. . 

101. Glaza, S. M. 1990. Acute oral toxicity study of CEBAC (powder) in rats: fInal 
report. Hazelton Study No. 00900013. . 

102. Glaa, S. M. 1992. Acute oral toxicity study of ARASCO iu rats: final report. 
HIazleton Study No. 11101042. . 

103. Glaza, S. M. 1995. Acute oral toxicity study of MK8841 biomass in rats: final 
report. Corning Hazkton Study No. 50803601. . 

104. Glam, S. M. 1996. Acute oral toxicity study of MK8841 biomass in rats: final 
..report. Coming Hazleton Study No. 60100881. . 

105. G&a, S. M. 1997. Acute oral toxicity study of delipidated algae biomass (refined 
biomeal) in rats: final report. Covance Study No. 70401788. . 

106. Glaza, S. M. 1992 Acute oral toxicity study of delipiied fungal biomass (refined ’ 
biomeal) in rats: final report. Covance Study No. 70401789. . 

107. Glaza, S. M. 1997. Acute oral toxicity study of micmenqm&ed formulaid in rats: 
final report. Corning lGzleton Study No. 70101732.. 

108. Greii, R C., J. Wirrder, P. W. Nathanielsz, and J. T. Brenm. 1997. Brain 
docome zu3xetbninfetalbaboons: bioequivalencce ofdietaryalpha- 
linolenic and docosahexaenoic acids. Pediatr Res. 42:826-34. 

109. Gross, S., J. Vanderhoof; T. Hegyi, R Cland.i& P. Porcelli, J. DeCristofaro, T. 
Rhodes, R Tsang, K. Shattuck, R Cowett, K Adamkin, C!. McCarton, W. Heird, 
B. Hook, G. Pereira, K. Pram&, and A. Euler. 1997. A new arachidonic acid 
(ARA) and docosahexaenoic acid @HA) supplemented preterm formula: effect on 
plasma and erthrocyte phospholipid fatty acids. Pediatr Res. 41:232A. 

110. Guesnet, P., J. M. Antoine, J. B. Rochette de Lempdes, A. Galent, and G. Durand. 
1993. Polyunsaturated fatty acid composition of human milk in France: changes 
during the course of lactation and regional differences. Ew J Clin NW. 47:700- 
10. 

111. Hall, B. 1979. Uniformity ofhuman milk. Am JCZin NW. 32!:304-312. 
112. Hansen, J., D. Schade, C. Harris, K. Merkel, D. Adamkin, R. Hall, M. Lii F. Moya, 

D. Stevens, and P. Twist. 1997. Docmahexaenoic acid plus arachidonic acid 
enhance preterm infant growth. Prostaglandins Leukotr Essent Fatty Acidr. 
57: 196. 

113. Harbiie, L. S., and M. A. Crawford. 1994. A 90 day oral (dietary) toxicity study in 
the rat with ferment oil (FDA guidelines 1982), The Rayne InstiMe Report No. 
IBCHNOO2(A). . 



GRAS Panel Evaluation of DHASCO and ARASCO Page 81 

114. Harris, W., W. Connor, and S. Lindey. 1984. Will dietary n-3 fatty acids change the 
composition of human milk? Am JCZin Nutr. 40:780-785. 

115. Harzer, G., M. Haug, I. Dieterich, and P. Gentner. 1983. Changing patterns of 
human milk lipids in the course of the lactation and during the day. Am JCZin N&r 
1983 Apr;37(4):612-21. 37:612-21. 

116. Hashimoto, F., and H. Hayashi. 1994. Peroxisomal cholesterol synthesis in vivo: 
accumulation of 4-methyl intermediate sterols after aminotriazole inhibition of 
cholesterol synthesis. Biochim. Biophys. Acta. 12 14: 1 l- 19. 

117. Hempenius, R. A,, J. M. Van De& M. Prinsen, and B. A. Lina. 1997. Prehminary 
safety assessment of an arachidonic acid-enriched oil derived from Mortierella 
alp& summary of toxicological data. Food Chem Toxicol. 35:573-81, 

118. Henderson, T. R., T. N. Fay, and M. Hamosh. 1998. Effect of pasteurization on long 
chain polyunsaturated fatty acid levels and enzyme activities of human milk. J 
Pediatr. 132:876-8. 

119. Hibbeln, J. R, M. Linnoila, J. C. Umhau, R Rawlings, D. T. George, and N. Salem, 
Jr. 1998. Essential fatty acids predict metabolites of serotonin and dopamine in 
cerebrospinal fluid among healthy control subjects, and early- and late- onset 
alcoholics. Biol Psychiatry. 44:235-42. 

120. Ho&, A. C., A. G. Lemmens, J. W. M. A. Mulink, and C. C. Beynen 1988. 
Influence of dietary calciunxphosphorus ratio on mineral excretion and 
nephrocalcinosis in f&ale rats. .I Nrdr. 118:1210-6. 

121. Hofhnan, D. R, E. E. Birch, D. G. Birch, and R D. Uauy. 1993. Effects of 
supplementation with omega 3 long-chain polyunsaturated fatty acids on retinal 
and cortical development in premature infants. Am J CZin Nktr. 5738073-812s. 

122. HofTinan, D. R, D. H. Wheaton, M. G. LApus, K E, Kirchoe and D. G. Birch. 
1999. Biological Safety of Docosahexaenoic acid @HA) Supplementation in 
Patients with X-Linked Retini&Pigmentosa IOVS. 4o:s9:30. 

123. Horby Jorgensen, M., G. Holmer, P. Lund, 0. Hernell, and K. F. Michaelsen 1998. 
EfTect offbrmula supplemented withdocosahexaenoic acid and gamma-linolenic 
acid on fatty acid status and visuaI acuity in term iufbts. J Pediatr Gastroenterol 
NW. 26:412-21. 

124. Horby_Jorgensen, M. H., 0. Hernell, P. Lund, G. Holmer, and K. F. Michaelser~ 
1996. Visual acuity and erythrocyte docosahexaenoic acid status in breast-fed and 
formula-fed term infbnts during the first four months of life. Lipids. 3 1:99-l 05. 

125. Hotwood, L. J., and D. M. Fergussot~ 1998. Breastfeeding and later cognitive and 
academic outcomes. Pediatr. 101 :e9. 

126. Innis, S., and H. Kuhnlein. 1988. Long-chain n-3 fatty acids :in breast milk of Inuit 
women consuming traditional foods. Early Human Develqment. 18: 185-l 89. 

127. bis, S. M. 1992. n-3 fatty acid requirements of the newborn Lipids. 27:879-85. 
128. Innis, S. M., N. Auestad, and J. S. Siegman. 1996. Blood lipid docosahexaenoic and 

arachidonic acid in term gestation infants fed formulas with high docosahexaenoic 
acid, low eicosapentaenoic acid fish oil. Lipids. 3 1:6 17-25. \ 

129. Innis, S. M., R A. Dyer, and E. L. Liin. 1997. Formula containing randomized fats 
with palmitii acid (16:0) iu the 2-position increases 16:0 in the 2-position of 



GRAS Panel Evaluation of DHASCO and ARASCO Page 83 

147. Koletzko, B., M. Mrotzek, and H. Bremer. 1988. Fatty acid c.omposition of mature 
human milk in Germany. Am J Clin Nutr. 47:954-959. 

148. Koletzko, B., E. Schmidt, H. Bremer, M. Haug, and G. Harzer. 1989. Effects of 
dietary long-chain polyunsaturated fatty acids on the essential fatty acid status of 
premature infants. Eur J Pediatr. 147:669-675. 

149. Koletzko, B., I. Thiel, and P. Abiodun. 1991. Fatty acid composition of mature 
human milk in Nigeria. Eur J NW. 30:289-297. 

150. Koskelo, E. K., K. Boswell, L. Carl, S. Lanoue, C. Kelly, and D. Kyle. 1997. High 
levels of dietary arachidonic acid triglyceride exhibit no subchronic toxicity in rats. 
Lipids. 32:397-405. 

15 1. Kritchevsky, D., S. A. Tepper, S. K. Czarnecki, and.D. J. Kyle. 1999. Effects of 4- 
Methylsterols from Algae and of B-sitosterol on Cholesterol Metabolism in Rats. 
Nutrition Research. 

152. Kyle, D. J. 1996. Production and use of a single cell oil which is highly enriched in 
docosahexaenoic acid. Lipid Technol. 2:109-l 12. 

153. Kyle, D. J. 1997. Production and use of a single cell oil highly enriched in arachidonic 
acid. Lipid Technology. 9. 

154. Kyle, D. J., and L. M. Arterbum, 1998. Single cell oil sources of docosahexaenoic 
acid: clinical studies. World Rev Nutr Diet. 83: 116-3 1. 

155. Laming, C. I., V. Fidler, M. H&man, B. C. Touwen, and E. R Boersma. 1994. 
Neurological differences between g-year-old children fed breast-miJk or formula- 
milk as babies. Lmwet. 344:1319-22. 

156. Lawlor, T. E. 1997. Mutagenicii test on spray-dried DHASCG biomass in the 
salmonella/~-microsome reverse mutation assay: final report Covance 
Study No. 18203-o-409. . 

157. Lina, B. k R, and WaaIkens-Berendsen. 1997. Sub-chronic (l3-week) oral toxicity 
study,~~byanin~~~surephase,withpo~~~acidsin 
rats. TN0 Nutirtion and Food Research Institute Report No. V96.833. . 

158. Lindberg, A.-M., and G. Molin. 1993. Effect ofTqnxatme and Glucose Supply on 
the Productio of Powed Fatty Acids by the Fungus MorterieZZa alpina 
CBS 343.66 in Fermentor Cultures. Applied Microbiology and Biotechnoloa. 
39:450-455. 

159. LSRO. 1998. Assessment of Nutrient Requirements for Infant Formulas. D. J. 
Raiten, J. M. Talbot, and J. H. Waters, editors. Life Sciences Reserach Office. 
Bethesda, MD. 

160. Lucas, A., R Morley, T. J. Cole, G. Lister, and C. Leeson-Payne. 1992. Breast milk 
-and subsequent intelligence quotient in children born preterm. Luncet. 339:261-4. 

161. Luthria, D. L., B. S. Mohammed, and H. Sprecher. 1996. Regulation of the 
biosynthesis of4,7,10,13,16,19-docosahexaenoic acid. JBioZ Chem. 271:16020-5. 

162. Luukkainen, P., M. K. Sale, and T. Nikkari. 1994. Term human milk from 1 week to 
6 months of lactation. J Pediatr Gastroenterol Nutr. 18:355-360. 

163. Makrides, M., M. Neumann, K. Simmer, J. Pater, and R Gibson. 1995: Are long- 
chain polyunsaturated fatty acids essential nutrients in infancy? [see comments]. 
Lancet. 345:1463-8. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 84 

164. Makrides, M., M. A. Neumann R. W. Byard, K. Simmer, and R. A. Gibson. 1994. 
Fatty acid composition of brain retina, and erythrocytes in breast- and formula-fed 
infants. Am J Clin Nutr. 60: 189-94. 

165. Makrides, M., M. A. Neumann, and R. A. Gibson. 1996. Effect of maternal 
docosahexaenoic acid @HA) supplementation on breast milk composition. Eur J 
Clin Nutr. 50:352-7. 

166. Makrides, M., M. A. Neumann K. Simmer, and R A. Gibson,, 1995. Erythrocyte 
fatty acids of term infants fed either breast milk, standard formula, or formula 
supplemented with long-chain polyunsaturates. Lipids. 30:941-8. 

167. Makrides, M., M. A. Neumann K. Simmer, and R. A. Gibson. 1999. Dietary Long- 
Chain Polyunsaturated Fatty Acids do not Influence Growth in Term Infants: A 
Randomized Clinkal Trial. Pediatrics. 104:468-475. 

168. Mallette, M. F., C. 0. Clagett, A. T. Phillips, and R L. McCarl. 1971. Introductory 
Biochemistry. The Williams and Wilkins Co., Baltiire. 808. 

169. Mars, Y. W. H. M., A G. Lemmens, and A. C. Beynen. 1988.. Dietary phosphorus 
and nephrocalcinosis in female rats. Nutr Reports Intl. 38:249-58. 

170. Martin, J. C., P. Bougnoux, J. M. Antoine, M. Lanson, and C. Couet. 1993. 
Trkqlglycerol stnxtme of human c&strum and mature milk. Lipids. 28:63743. 

171. Maurage, C., P. Guesnet, M. Pinault, J. Rochettede Lempdes, G. Durand, J. Antoine, 
and C. Couet. 1998. Effect oftwo types of fish oil supplementation on plasma and 
erythm+e phospholipids in formula-Fed term infants [In Process Citation]. Biol 
Neonate. 74:416-29. 

172. M&readie, R 1997. The Nithsdale Schizophrenia Surveys 16. Breast-feeding and 
schizophreniaz prelimiuq resubs and hypothesis. Br JPgchiatry. 178:334-337. 

173. McGuire, S. O., D. W. Alexander, and K L. Fritsche. 1997. Fii oil source 
diflkrentially atExts rat immune cell alpha-tocopherol concentration JNw. 
127:1388-94. 

174. Mellies, M. J., K Burton, R Larson, F. D., and C. J. Glueck. 1979. Cholesterol, 
phytosterols, and polyunsaturated/saturated fat@ acid ratios during the Girst 12 
months of lactatiin. Amer. .I Clin. Nutr. 32:2383-2391. 

175. Mohan, P., F. Phihips, and M. Cleary. 1991. Metabolic effects of coconut, &lower, 
or menhaden oil feeding in lean and obese Zucker rats. Br J Nutr. 66:285-99. 

176. Morimoto, M., M. Zern, A. Hagbjork, M. Ingelman-Sundberg, and S. French 1994. 
Fish oil, alcohol, and liver pathology: role of cytochrome P450 2El. Proc Sot Exp 
Biol Med. 207: 197-205. 

177. Murli, H. 1997. Mutagenicity test on spray-dried DHASCO biomass measuring 
chromosomal aberrations in Chinese hamster ovary (CHO) cells: final report. 
Covance Study No. 18203-o-437. . 

178. Murphy, J. F., R G. Newcombe, and J. R Sr&ert. 1982. The Epidemiology of 
Sudden Infant Death Syndrome. Journal of Epidemiology and Community Health. 
36:17-21. 

179. Murphy, M., V. Wright, R A&man, and M Horackova. 1997. Diets enriched in 
menhaden fish oil, seal oil, or shark liver oil have distinct effects on the lipid and 
fatty-acid composition of guinea pig heart. MoZ CeN Biochem. 177:257-69. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 85 

180. Murphy, M. G., V. Wright, R. G. A&man, and M. Horackova. 1997. Diets enriched 
in menhaden fish oil, seal oil, or shark liver oil have distinct effects on the lipid and 
fatty-acid composition of guinea pig heart. Mel Cell Bioch(em. 177:257-69. 

181. Muskiet, F. A., N. H. Hutter, I. A. Martini, J. H. Jonxis, P. J. Ofl?inga, and E. R. 
Boersma. 1987. Comparison of the fatty acid composition ‘of human milk from 
mothers in Tanzania, Curacao and Surinam. Hum Nutr Clin Nutr. 41: 149-59. 

182. Myher, J. J., A. Kuksis, K. Geher, P. W. Park, and D. A. Diersen-Schade. 1996. 
Stereospecific Analysis of Triacylglycerols Rich in Long Chain Polyunsaturated 
Fatty Acids. Lipids. 3 1:207-2 15. 

183. Neglia, J. 1999. Breastfeeding Linked to REsuced Incidence of Childhood Leukemia. 
J Nat1 Cancer Inst. 9 1: 1765- 1772. 

184. Nelson, G. J. 1991. Health Effects of Dietary Fatty Acids. American Oil Chemists’ 
Society Press, Champaign, 274. 

185. Nelson, G. J., D. S. Kelley, E. A. Emken, S. D. Phinney, D. J. Kyle, and A. Ferretti. 
1997. A Human Dietary Arachidonic Acid Supplementation Study Conductd in a 
Metabolic Reserach Unit: Rationale and Design. Lipiak 32:415-420. 

186. Nelson, G. J.,. P. C. Schmidt, G. L. Bartolini, D. S. Kelley, and D. Kyle. 1997. The 
effect of dietary docosahexaenoic acid on plasma lipoproteins and tissue fatty acid 
COmpOSh.iQQ in humans. Lipids. 32:1137-46. 

187. Nelson, G. J., P. S. Schmidt, G. L. Bartolini, D. S. Kelley, and D. Kyle. 1997. The 
effect of dietary docosahexaenoic acid on platelet function, platelet f&y acid 
composition, and blood coagulation in humans. Lipid. 32: 1129-36. 

188. Ogunkye, A., A. T. Fakoya, S. N&ki, H. Tojo, I. Sasajima, M. Kobayashi, S. 
Tateishi, and K. Yamaguchi. 1991. Fatty acid composition of breast milk from 
Ngerian and Japanese women JNutr Sci Vita&w1 (Toky$. 37~435-42. 

189. Okolska, G., S. Zen&n&, M.. Kowalska, and J. Ostojska. 1983. the levels of 
esserrcialunsatcttated~acidsinh~onilkon~3rd,4th,5tharad6th&~ 
after labour. Acta Physiol Pol. 34:239. 

190. Patterson, G. W. 1991. Sterols of algae. In Physiology and Biochemistry of Sterols. 
G. W. Patterson and W. D. Ness, editors. Am&an Oil Chem&s’ Society, 
Champaign, IL, USA. 118-157. 

191. Pawlosky, R J., Y. De&ins, G. Ward, and N. Salem, Jr. 1997. Retinal and brain 
accretion of long-chain polyunsaturated fatty acids in developing felines: the 
effects of corn oil-based maternal diets. Am J Clin Nutr. 65:465-72. 

192. Pfiester, L. A. 1984. Sexual Reproduction. In Dinotlagellates. D. L. Spector, editor. 
Adacemic Press, Orlando. 181-199. 

193.,Phylactos, A. C., L. S. Harbige, and M. A. Crawford. 1994. Essential fatty acids alter 
the activity of manganese-superoxide dismutase in rat heap%. Lipids. 29: 11 l-5. 

194. Phylactos, A. C., A. A,. Leaf; K Costeloe, and M. A. Craw&d. 1995. Erythrocyte 
cupric/zJnc superoxide dismutase exhiiits reduced activity in preterm and low- 
birthweight iafants at birth. Acta Paediatr. 84:1421-5. 

195. Piretti, M. V., G. Pagliuca, L. Boni, R Pistocchi, M. Diamante, and T. siazzotti. 
1997. Investigation of 4-methyl sterols from cultured dinoflagellate algal strains. J. 
Phycol. 33:61-67. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 86 

196. Piretti, M. V., and R. Viviani. 1989. Presence of 4-methyl sterols in bivalve mollusc 
Scapharca inaequivafvis (Bruguiere): their signiticance and metabolism. Comp. 
Biochem. Physiol. 93753-756. 

197. Prentice, A., L. M. A. Jarjou, P. J. Drury, 0. Dewit, and M. A. Crawford. 1989. 
Breast-milk fatty acids of rural Gambii mothers: effects of diet and maternal 
parity. J Pediatr Gastroenterol Nutr. 81486-90. 

198. Putnam, J., S. Carlson, P. DeVoe, and L. Barness. 1982. The effect of variations in 
dietary fatty acids on the fatty acid composition of erythro’cyte phosphatidylcholine 
and phosphatidylethanolamine in human infants. Am J Clin Nutr. 36: 106- 114. 

199. Ritskes-Hoitinga, J., P. Verschuren, G. Meijer, A. Wiersma, A. van de Kooij, W. 
Timmer, C. Blonk, and J. Weststrate. 1998. The association of increasing dietary 
concentrations of fish oil with hepatotoxic effects and a higher degree of aorta 
atherosclerosis in the ad lib.-fed rabbit. Food Chem Toxicol. 36:663-72. 

200. Rocquelin, G., S. Tap&a, M. C. Dop, F. Mbemba, P. Traissac, and Y. Martin- 
PreveL 1998. Liiid content and essential fatty acid (EFA) composition of mature 
Congolest~breast milk are innuenced by mothers’ nutritional status: Impact of 
infhts’ EFA supply. Eur JCZin N&. 52:X4-171. 

201. Rose, D. 1997. Dietary f&y acids and cancer. Am JClin Nutr. 66:998\s-1003s. 
202. Rueda, R, M. Ramkez, J. L. Garcia-Salmeron, J. Maldonado, and A. GiL 1998. 

Gestational age and origin of human milk influence total lipid and fatty acid. 
contents. Ann Nutr Metab. 42:12-22. 

203. Ryan, A. S., M. B. Montalto, S. Groh-Wargo, F. Mimouni, J. Sentipal-Walerius, J. 
Doyle, J. S. S&man, and A. J. Thomas. 1999. Effect of DHA-containQ formula 
on growth of preterm infhnts to 59 weeks postmebstrua age. Amer. .I Human 
Biol. 11~457-467. 

204. Salem, N., Jr., and R J. Pawloslq. 1994. Am&donate and docosahexaenoate 
biosynth&s in various species and conqx&nents in vivo. WorldRev Nutr Diet. 
75:114-g. 

205. Salem, N., Jr., B. Wegher, P. Mena, and R Uauy. 1996. Arachidonic and 
docosahexaenoic acids are bioq&sized G-orn their 18carhon precursors in 
human inhnts. Proc Nat1 Acad Ski US A. 93:49-54. 

206. Sanders, T. A., F. R Ellis, and J. W. Dickerson. 1978. Studies of vegans: the t&y 
acid composition of plasma choline phosphoglycerides, erythrocytes, adipose 
tissue, and breast milk, and some indicators of susceptibility to ischemic heart 
disease in vegans and omnivore controls. Am JCZin Nutr. 31:805-13. 

207. Sanders, T. A, and S. Reddy. 1992. The influence of a vegeixian diet on the fatty 
acid composition of human milk and the essential fatty acid status of the infant. J 
Pediatr. 12O:S71-7. 

208. Sas, M., J. J. Gellen, N. Dusitsin, and e. aL 1986. Comparison of the fatty acids in 
human milk from Hungary and Tluihd. Prog lipid Res. 25:235-238. 

209. sauerwald, T. U., N. Fidler, A. Pohl, H. Demmehnair, and B. Koletzko. 1998. 
Docosahexaenoic acid @HA) recovery in human milk after dietary 
supplementation. Pediatric Research. 43:268A. 



GRAS Panel Evaluation of DHASCO and ARASCO Page 87 

2 10. Sauerwald, T. U., D. L. Hachey, C. L. Jensen, H. Chen, R. E. Anderson, and W. C. 
Heird. 1997. Intermediates in endogenous synthesis of C22:6 omega 3 and C20:4 
omega 6 by term and preterm infants. Pediatr Res. 41:183-7. 

2 11. Scholer, H. J., E. Mueller, and M. A. A. Schipper. 1983. Mucorales. In Fungi 
Pathogenic for Humans and Animals. D. H. Howard, editor. Marcel Dekker, New 
York. 9-59. 

2 12. Scott, D. T., J. S. Janowsky, R, E. Carroll, J. A. Taylor, N. Auestad, and M. B. 
Montalto. 1998. Formula supplementation with long-chain polyunsaturated fatty 
acids: are there developmental benefits? Pediatrics. 102:E59. 

213. Scott, D. T., J. S. Janowsky, R. T. Hall, R. E. Wheeler, C. I?. Jacobsen, N. Auestad, 
and M. B. Montalto. 1997. Cognitive and language assessment of 3.25 year old 
children fed formulas with or without long chain polyunsaturated fatty acids 
(LCPs) inthe W year. Pediatr. Res. 4 1:240A. 

214. Shah, B. G., K. D. Trick, and G. Belonje. 1986. Factors affecting nephrocalcinosis in 
male and female rats fed AIN- salt mixture. Nutr Res. 6. 

215. Shimizu, S., H. Kawashima, M. Wada, and H. Yamada. 1992. Occurrence of a novel 
sterol, 24,25-methylenecholest-5-en-3 beta-al, in Mortiereha alpii 1 S-4. Lipi& 
27:481-3. 

216. Shinmen, Y., S. Shimizu, K Akimoto, H. Kawashhm, and H. Yamada, 1989. 
Production of Arachidonic Acid by Mortierella f&i. AppZied Microbiology and 
Biotechnology. 31:l l-16. 

217.Simopo~dis,A.P.,A.Leaf;andN.Salem.1999.WorkshopontheE~sentiiofand 
Remmmemied Dietary Intakes for Omega-6 and Omega-3 Fatty Acids. IXYF~ 
Newsletter. 6:14-16. 

218. Simopoulos, A. P. 1989. Summary of the NATO advanced researoh workshop on 
dktary omega 3 and omega 6 fatty acids: hiilogical effects and nutritional 
essmMi@. JNutr. 119~521-8. 

219. Skuladottir, G., D. Shi-Hua, A. Brodie, D. Reed, and R Wander. 1994. Effects of 
dietary oils and methyl ethyl ketone Peroxide on in vivo lipid peroxidation and 
antioxidallts ill rat heart and liver. L$iak 29:351-7. 

220. Smith, J. M. B. 1966. An Interesting Bovine Mycotic Complex in New Zealand. Nau 
Zealand Veterinary Journal. 14~226-228. 

221. Spear, M., M. Hamosh, J. Bitman, M. Spear, and D. Wood. 1992. Milk and blood 
fatty acid composition during two lactations in the same 
woman. Am JClin Nutr. 56:65-70. 

222. Specker, B. L., H. E. Wey, and D. Miller. 1987. Differences in fatty acid composition 
of human milk in vegetarian and nonvegetariau women: long-term effect of diet. J 
Pediatr Gastroenterol Nutr. 6~764-8. 

223. Stangl, G. I., M. Kirchgessner, K. Eder, and A. M. Reichhnayr-Lais. 1994. Effect of 
dietary hyperlipidemic components and fish oil on concentration of lipids in liver 
and liver fatty acid profile of rats. 2 Ernahrungswiss. 33: 195-206. 

224. Stanier, R Y., E. A. Adelberg, and J. L. Iqrahm. 1980. General Microbiology: 4th 
Edition. MacMillm Press, London. 

225. Stefano, D. 1999. A three month oral (diet) toxicity study of C. cohnii biomass in 
rats: final report. Fl Gorgone Laboratory Study No. 5 17. . 



GRAS Panel Evaluation of DHASCO and ARASCO Page 88 

226. Steidinger, K. A., and D. G. Baden. 1984. Toxic Marine Dinoflagellates. In 
Dinoflagellates. D. L. Spector, editor. Academic Press, Orlando. 210-262. 

227. Stevens, L. J., S. S. Zentall, J. L. Deck, M. L. Abate, B. A. Watkins, S. R. Lipp, and 
J. R. Burgess. 1995. Essential fatty acid metabolism in boys with attention-deficit 
hyperactivity disorder. Am J Clin Nutr. 62:761-8. 

228. Strecker, L. R., A. Maza, and G. F. Winnie. 1990. Corn Oil - Composition, 
Processing, and Utilization. In Edible Fats and Oils Process’ing: Basic Principles 
and Modern Practices. D. R. Erickson, editor. American 011 Chemists’ Society 
Press, Atlanta. 309-3 12. 

229. Suh, M., Wierzbicki, and M. T. Clandinin. 1997. Supplying dietary polyenoic acids 
alters the content of long and very long chaintatty acids (VLCFA, C24-C34), 
rhodopsin content and rhodopsin kinetics in developing photoreceptors. In 
American Oil Chemists’ Society 98th Annual Meeting, Seattle, WA. 

230. Totani, N., and K Oba. 1987. The Filimentous Fungus MorterieZZu ulpina, High in 
Arachidonic Acid. Lipi&. 22: 1060- 1062. 

23 1. Triemer, R E., and L. Fritz. 1984. Cell Cycle and Mitosis. In Dinflagellates. D. L. 
Spector, editor. Academic Press, Orlando. 149-180. 

232. Tuttle, R C., and A. R Loeblich 1977. N-methyl-N-nitro-N-nitrosoguanidine and 
UV induced mutants of the dinoflagellate Crypthecodinium cohnii. A Protozool. 
24:313-316. 

233. van Beusekom, C. M., T. A. Zeegers, I. A. Mart& H. J. Velvis, G. H. Visser, J. J. 
van Doormaal, and F. A. Musk&. 1993. Ivlilk of patients with tightly controlled 
insulindependentdiabetes~~hasnormalmacron~andfattyacid 
composition. Am JClin Nutr. 57E938-43. 

234. van den Hock, C., D. G. Mann, and H. M. Jahns. 1995. Algae: an Introductin to 
Phycology. Cambridge University Press, &.&ridge. 244-286. 

235. van der Westhuizen, J., N. Chetty, and P. M. Atkinson 1988. Fatty acid composition 
ofhumanmilkfiromSo~Afiicanblackmothersconsumiolgatraditionalmaize 
diet. Eur JClin NW. 42:213-20. . 

236. Vanderhooc J., S. Gross, R Hegyi, T. Clandinin, P. Porcelli, P. DeCristofaro, T. 
Rhodes, R Tsang, K. Shattuck, R Cowett, K.. Adamkin, C. McCarton, W. Heird, 
B. Hook, G. Pereira, K. Pramuk, and A. Euler. 1997. A new arachidonic acid 
(ARA) and docosahcxaenoic acid @HA) supllemented preterm formula: effect on 
growth and safety assessment. Pediatr Res. 4 1:242A. 

237. Vanderhoofl J., S. Gross, T. Hegyi, T. Clandii P. Porcelli, J. DeCristolaro, T. 
Rhodes, R Tsang, K Shattuck, R Cowett, D. Adamkin, C. McCarton, W. Heird, 
B. Hook-Morris, G. Pereira, G. Ghan, J. Van Aerde, F. Boyle, K.. Pramuk, A. 
Euler, and E. Lien. 1999. Evaluation of a long-chain polyunsaturated fatty acid 
supplemented formula on growth, tolerance, and plasma lipii in preterm infants 
up to 48 we&s postconceptional age. J Pediatr Gastroenterol. 29:3 18-26. 

238. VanPelt, C. K, M.-C. Huang, C. L. Tschanz, and T. Brenna. 1999. An octaene fhe 
acid, 4,7,10,13,16,19,22,25-octacosaoctaenoic acid (28:8n-3), found in marine 
oils. J Lipid Rex 4O:(i press). 

239. Vidgreq H. M., J. J. Agren, U. Schwab, T. Rissanen, 0. Haunineq and M. I. 
Uusitupa. 1997. Incorporation of n-3 fatty acids into plasma lipii wins, and 



GRAS Panel Evaluation of DHASCO and ARASCO Page 89 

erythrocyte membranes and platelets during dietary supplementation with fish, fish 
oil, and docosahexaenoic acid-rich oil among healthy young men. Lipids. 32:697- 
705. 

240. Villacampa, M. J., C. C. Peman, and F. G. Covian. 1982. Composition en acidos 
grow de1 calostrio y leche humana en Espana. An Esp Pediatr. 4:324-35. 

241. Vincenti, I. 1999. A fertility and general reproductive performance study of c. cohnii 
biomass administered by oral route (diet) in rats: draft report. F. Gorgone 
Laboratory Study No. 5 18. . 

242. Vincenti, I. 1999. Study for effects on embryo-fetal development of c. cohnii biomass 
in rats: draft report. F. Gorgone Laboratory Study No. 519. . 

243. von Kries, R, B. Koletzko, T. Sauenvald, E. von Mutius, D. Barnert, V. Grunert, 
and H. von Voss. 1999. Breast feeding and obesity: cross sectional study. Brit 
MedJ. 319:147-150. 

244. Voss, A, M. Reinhart, S. Sankarappa, and H. Sprecher. 1991.. The metabolism of 
7,10,13,16,19docosapentaenoic acid to 4,7,10,13,16,19docosahexaenoic acid in 
rat liver is independent of a 4de&urase. J Biol Chem. 266: 19995-20000. 

245. Wainwright, P. E., H. C. Xing, L. Mutsaers, D. McCutcheon, and D. Kyle. 1997. 
Arachidonic acid of!&et.s the effects on mouse brain and behavior of a diet with a 
low (n+:(n-3) ratio and very high levels of docosahcxacnoic acid. J Nutr. 
127:184-93. 

246. We&man, S. H., and S. E. Carlson. 1996. A randomized trial of visual attention of 
prcterm infants fed docosahexaenoic acid until nine months. Lipiak 31:91-7. 

247. Wibcrt, G. J., R k Burns, D. A. Diersen-Schade, and C. M. Kelly. 1997. Evaluation 
of single cell sources of deco &exaenoic acid and arachidonic acid: a 4-week oral 
safety st@y in rats. Food Chem Toxiwl. 35:967-74. 

248. Willam, P., J. Forsyth, M. DiModugno, S. Varma, and M. C&in. 1998. Effect of 
longchainpolyunsaturatedEattycacidsin~foimulonproblemsohringat10 
months of age. Luncet. 352:688-691. 

249. Williams, K. D. 1997.~week dietary toxicii study with MR.8841 in rats: final 
report. Corning H&&ton Study No. 6539-107. . 

250. W- N. W., R C. Tuttle, G. G. Holtz, D. H. Beach, L. J. Goad, and T. W. 
Goodwin. 1978. Dehydrodinosterol, dinosterone and related sterols of a non- 
photosynthetic dinoflagellate, Crypthecodinium cohnii. Phytochemistry. 17: 1987- 
1989. 

25 1. Wojenski, C. M., M. J. Silver, and J. Walker. 1991. Eicosapentaenoic acid ethyl ester 
as an antithrombotic agent: comparison to an extract of fi& oil. Biochim Biophys 
Acta. 1081:33-8. 

252. Xiao, Y. F., A. M. Gomez, J. P. Morgan, W. J. Lederer, and A. Leaf 1997. 
Suppression of voltage-gated L-type Ca2+ currents by polyunsaturated fatty acids 
in adult and neonatal rat ventricular myocytes. Proc Natl Acad Ski US A. 
94:4 182-7. 

253. Xu, L. Z., R Sanchez, A. Sali, and N. Heintz. 1996. Ligand specificity of brain lipid- 
biidii protein J Biol Chem. 271:24711-9. 

254. Yam&i, R, T. Shen, and G. S&de. 1987. A diet rich in (n-3) fatty acids 
incream peroxisomal beta-oxidation activity and lowers plasma triacylglycerols 



GRAS Panel Evaluation of DHASCO and ARASCO Page 90 

- . without inhibiting glutathione-dependent detoxication activities in the rat liver. 
Biochim Biophys Acta 1987 Jul13;920(1):62-7. 920:62-‘7. 

255. Yamazaki, R. K., T. Shen, and G. B. Schade. 1987. A diet rich in (n-3) fatty acids 
increases peroxisomal beta-oxidation activity and lowers plasma triacylglycerols 
without inhibiting glutathione-dependent detoxication activities in the rat liver. 
Biochim Biophys Acta. 920~62-7. 

256. Yaqoob, P., E. J. Sherrington, N. M. Jeffery, P. Sander-son, D. J. Harvey, E. A. 
Newsholme, and P. C. Calder. 1995. Comaprison of the effects of a range of 
dietary lipids upon serum and tissue lipid composition in the rat. Int. J. Biochem. 
Cell Biol. 27~297-3 10. 

257. Yu, G., K. Duchen, and B. Bjorksten. 1998. Fatty acid composition in colostrum and 
mature milk from non-atopic and atopic mothers during the fkst 6 months of 
lactation [see comments]. Actu Puediutr. 87:729-36. 


